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HISTOLOGY AND CYTOLOGY OF SUGAR CANE MOSAIC 1 

Melville T. Cook 

The various mosaic diseases of plants have been extremely puz¬ 
zling from the time they were first recognized as diseases. Although 
they have been the subjects of study by some of the leading scien¬ 
tists of the world, the causes are as yet not definitely known. Many 
theories have been advanced as to the causes of which the following 
are some of the most important:—(1) bacterial, (2) virus, (3) phys¬ 
iological, (4) enzymatic, (5) protozoan. 

All students of the mosaic diseases are familiar with these 
theories and therefore, it is not necessary to discuss them further 
than to say that the “virus” and “protozoan” theories are the most 
prominent at this time. Probably the most important facts that 
we have learned about these diseases are (1) that they can be trans¬ 
mitted from generation to generation through vegetative parts, (2) 
that some of them may be transmitted by means of insects, (3) that 
some of them will attack plants other than the economic crops in 
which we are interested, (4) that they may be present but not visible 
in some plants. 

The studies recorded in this paper were undertaken (1) for the 
purpose of studying histological and cytological differences between 
diseased and healthy plants and (2) for the purpose of gaining 
some light if possible as to the cause of this particular form of 
mosaic. Before taking up the results of these studies it is desirable 
to review the literature bearing directly on this phase of the subject, 
but since this paper deals only with the histological and cytological 
characters of mosaic sugar cane as compared with apparently healthy 
cane we will not refer to any literature other than that which has 
a direct hearing on these phases of the subject. Tt will be readily 
seen that the most extensive studies on these phases of the mosaic 
disease have been made on tobacco which is a dicotyledonous plant 
and therefore, not strictparable to the sugar cane which is a 
monocotyledonous p]pnt. 

1 Received for publication July 28, 1025 
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HISTORICAL 

The first histological studies of mosaic were made by Riming (7) 
on tobacco but very little difference was noted between healthy and 
diseased tobacco other than that in the latter the chloroplasts were 
disorganized and the cell walls disintegrating. 

A brief reference to this phase of the subject was made by Woods 
( 19 ) in his studies on tobacco mosaic, who noted the abnormal con¬ 
dition of the light-colored areas and said that— 

“This difference consists in the fact that in the badly diseased plants the 
palisade parenchyma of the light-colored areas is not developed at all. All the 
tissue between the upper and lower epidermis consists of a spongy or respira 
tory parenchyma rather more closely packed than normal. In moderately dis¬ 
eased plants the palisade parenchyma of the light area is greatly modified. Nor¬ 
mally the palisade parenchyma cells of a healthy plant are from four to six times 
as long as broad. In a moderately diseased plant, however, the cells are nearly 
ns broad as they are long, or at most, not more than twice as long as broad. As 
a rule, the modified cells of the leaf passes abruptly into the normal cells of the 
green area. M 

lleintzel (5) does not refer to any variation in palisade cells but 
does note difference in the intercellular spaces in both palisade and 
parenchyma. lie also notes that the chloroplasts were congregated 
irregularly in small groups. 

Bouygucs (2) reports an absence of the epidermis and a disap¬ 
pearance of the cell contents in the old spots. 

The first extensive studies on this phase of the disease was made 
by Twanowski (6) who also worked on tobacco. Although the cane 
and tobacco mosaics are probably due to different causes his studies 
are of special importance at this time. ITis results bearing on these 
studies may be summarized as follows: 

(1) The infectious principle is not dissolved in the juice. 

(2) Calcium oxalate crystals is characteristic of diseased plants. 

(3) Transition zone between light and dark green areas consists 
of only 2 or 3 more rows of cells. 

(4) Cross section of green part of a leaf shows the tissues well 
differentiated. 

(5) Pale part is thin; pallisade modified; crystals prominent; 
no necrosis. 

(6) Contents show lack of chloroplasts which are not regularly 
distributed. (In live cells the chloroplasts are swollen.) 

(7) Films seen in the cells. 

(8) Sometimes cells have granulations resembling bacteria. 
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(9) Nuelei normal or magnified and granular. Plasma bodies 
near them. 

(10) Finds bacteria. 

(11) Argues that this must be bacteria and not amoeba l>ecause 
amoeba can not go through a filter. 

Westerdijk (18) reports that there was no microscopic difference 
worthy of mention other than that the chloroplasts were smaller 
and yellowish and that there was but little starch. 

The next studies on this phase of the subject were made on the 
tomato mosaic by Melchers (14) who found that the light green or 
yellow areas were thinner than the dark green areas and that this 
was due to a shortening of the pallisade cells. The chloroplasts in 
the yellow areas were somewhat fewer in number and a pale yellowish 
green color. 

Chapman (3) in his studies on mosaic of tobacco very generally 
agrees with Woods, but he found that occasionally the parenchyma 
of the dark green areas was more compact than in the normal plant. 
He also noted that the dark green areas contained some of the in¬ 
fecting agent. He found no histological differences in the roots and 
leaves but says that— 

“The causal agent * * * is without question present in all parts of the 

plant. 99 

Artschwager (1) in his studies on the leaf roll of potato found 
certain changes in the vascular tissues but did not always find “a 
definite relation between external symptoms and internal changes.'* 
However, he reports an accumulation of starch in the diseased leaves. 
Histological studies on the leaf roll of the potato have been made 
by a number of European workers but since these stfidies do not 
appear to parallel the studies on the sugar cane mosaic, we will 
omit a discussion of them. 

The first studies on the histology of mosaic sugar cane was made 
by Mats (11) who noted the following: (1) “distinct, single, spher¬ 
ical, darkly colored and densely protoplasmic bodies” in the paren¬ 
chyma and collenchyma cells of the cankered stem tissues. They 
resembled “spore bodies” but were soluble in alcohol and lie after¬ 
wards found them in non-yellow striped cane. (2) As a result of 
comparative studies on healthy and diseased stems (upper nodes) 
and leaves he says: 

“It seems that n foreign plasmodium-like substance is apparently present 
in the cells of the yellow-striped canc leaf and item tissue.’* 

“Microscopic sections of the discolored areas in yellow-striped cane stalks 
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•show that some parenchyma cells are full of a more or less hardened or compact 
tot finely granulated and slightly browned plasma.” 

(3) He also says: 

* ‘From a study of the internal structure of cankered cane it is dear that 
actual deterioration and breaking down of cells in the interior of cane in an 
advanced stage of the y ellow-stripe disease takes place. This effect is duo to no 
other causes than to the destructive action of the infective substance of yellow* 
stripe disease, as there is apparently no connection between these interior sick 
cells and outer outside mechanical or organizd agencies. Furthermore, this sub¬ 
stance resembling a Plasmodium , in some of the interior cells was found to be 
constantly associated with yellow-striped cane in an advanced stage of disease.” 

A little later Kunkel (8) made some most interesting studies on 
the mosaic disease of corn in which he describes intracellular bodies 
which he finds in the diseased but not in the healthy plants. These 
bodies are variable in shape, irregular and amoeboid but never 
spherical. They are closely associated with the host nucleus which 
becomes enlarged. This work is of special interest to us because 
the mosaic of the corn is supposed by some workers to be the same 
as the mosaic of cane. If not identical they are probably closely 
related. 

In commenting on Matz paper he says: 

“The writer is able to confirm the observations of Matz as regurds the oc¬ 
currence in diseased cane tissue of cells filled with a hardened, granular, slightly 
brown substance. Such cells are constantly associated with the disease in ma 
turc tissues. This substance, howevei, does not lesemble any of the plasmodia 
with which the wijjtei is acquainted. Jt does not stain like protoplasm, does 
not show' a protoplasmic structure, is not vacuolate, does not contain any struc¬ 
ture that could be taken for a nucleus, and is not plastic. When crushed, this 
substance bretfks up into irregular-shaped nngulai masses which keep their form 
indefinitely and do not dissolve in water.” 

He also says that— 

“Cells filled with exactly the same kind of granular material are also pres¬ 
ent in the stalk tissues of corn suffering from mosaic.” 

In his discussion Kunkel says: 

“ While it is not possible at the present time to prove that the bodies are 
living parasites, there is considerable evidence in favor of this view. They grow, 
show a structure like that of protoplasm, stain like protoplasm, and tend to be 
amoeboid in shape. It seems hardly probable that waste products accumulating 
in diseased cells or the products of protoplasmic degeneration would show these 
characteristics and would always be so closely associated with the host cell nu¬ 
cleus.” 
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In a latter paper Kunkel (9) reported the finding of amoeboid 
bodies in mosaic diseased plants of Hippeastrum equestre. 

Tn a more recent work on tobacco Palm (15) described “amoebi- 
form corpuscles” which he apparently considers similar to the bodies 
described by Kunkel in corn mosaic. Kunkel bel ; eves that these 
“amoebiform corpuscles” of Palm and the “Plasmaanhanf ungen” 
of Iwanowski to be the same as the “intracellular bodies” which he 
found in corn, tobacco and other plants. Palm also reports the 
finding of numerous extremely small granules which he believes to 
be alive and the same as the bodies which Iwanowski described as 
bacteria. He has given these bodies the name of Strongyloplasma 
iwanotvskii. 

In a second paper on mosaic of sugar cane. Mat/. (12) reviews 
the works of Iwanowski, Kunkel and Palm in the light of his own 
studies and further states that— 

“In tlu» diseased tissue the chloroplasts are fen and are evidently misshaped 
and broken up. In stained sections they look like mere ink spots, one or two in 
a cell. This destruction of chloroplasts is a symptom of sugar-cane mosaic and 
it fixes the seat of the disease men* definitely. Apparently the cell walls and 
other cell contents are not affected, but the chloroplasts are gradually destroyed.*’ 

He furthermore says— 

“It was seen that the breaking up of the chloroplasts begins with a reduc¬ 
tion in their size. The chloroplasts in the healthy or green parts of the same 
leaf were normal in their size and numbers, while in the discolored or pale-green 
stripes chloroplasts m all stages of reduction were noted.** 

The next paper hearing directly on the subject was also by 
Kunkel (10) who found intracellular bodies in Chinese cabbage. 
Rrassiva pekimnsis (Lour) Gagn., sugar cane, Sacrhantm officina - 
rttm L., and in tobacco, Xicotiana tabacum L. In discussing tliese 
bodies he says: 

“While no attempt will here be made to fully describe the bodies found in 
the mosaic tissues of Chinese cabbage, sugar cane, and tobacco, a brief state¬ 
ment regarding them may be of inteiest. In each of these plants the amoeboid 
bodies are <piite similar to, but somewhat different from the bodies associated 
with the mosaic in corn and Hipiieastrum. In the leaves of the Chinese cabbage 
they reach about the same size that they' do in the leaves of Hippeastrum. They 
are usually not in contact with the host nucleus and may occupy any part of the 
cell. They .frequently have a number of chloroplasts clustered around them. Iu 
structure tfnd in staining reaction they are similar to the bodies of corn mosaic. 
The bodies associated with the sugar-cane mosaic ttpul to stain more deeply than 
do those in any of the other plants studied, and are more irregular in shape. 
* * * Because of the fact that the older tissues of the sugar-cane plant be* 
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come very hard they are not suitable for eytological studies. Satisfactory sec¬ 
tions showing the bodies of cane mosaic have been made from stalk tissues only. 
The best sections were obtained from tissues a short distance back of the grow¬ 
ing point.’* 

“After hu\ing found intracellular bodies associated with mosaic in corn, 
Hippeastrum, Chinese cabbage, and sugar cane, a study was made of stained sec¬ 
tions of healthy and mosaic tobacco leaves. In some of the sections of mosaic 
leaves, bodies similar to those described in corn and Hippeastrum may plainly 
be seen. In morphology of the host cell, they are much like the bodies found in 
the cells of the other plants.” 

At about this time extensive h’stological studies were made by 
Dickson (4) on a number of species of plants infected with mosaic. 

In the case of tobacco he found diseased leaves about two-thirds 
as thick as the normal leaves; the palisade parenchyma cells of 
diseased leaves shorter than those of normal leaves and in the case 
of severely infected leaves these cells were cnboidal or isod ; ametric. 
In some cases there were two layers of short palisade cells in severely 
diseased leaves. The cells in the spongy mesophyll of diseased 
areas were smaller than those in the dark green areas or in normal 
leaves and the total area of intercellular spaces in healthy parts 
50 per cent greater than in diseased parts. The triehomes were 
more abundant in the light than in the dark-green areas. The 
number of chloroplasts in the light-green areas was much less than 
in the dark-green areas in healthy leaves and retrogressive changes 
were frequent. Tie also “observed occasional instances in severely 
diseased specimens where the nuclei were irregular in shape, being 
subspherical to angular, or cons’derably hypertrophied.” 

He also found a very similar eondit’on in the tomato, petunia, 
potato, black henbane, pepper, sweet pea, kidney bean and broad 
bean. 

A little later McKinney, Eekcrson and Webb (13) published the 
results of what may be a similar disease of wheat. They found 
intracellular bodies in rosette and mottled wheat but did not find sim¬ 
ilar bodies in healthy plants. In commenting on the findings in this 
paper it should be borne in mind that these diseases of wheat may 
be carried in the soil which is not true of the mosaics. The authors 
of this paper find that these bodies are usually single; that they 
•are variable in s'ze and that they increase in size with the age of the 
host cell; that the relation to the nucleus is variable, occasionally 
or completely surrounding it; that they appear to be surrounded 
by a membrane; that the infected cells are not different from the 
healthy ce’ls and that the host nuclei show little or no abnormalities. 

Smith (17) made a study of the potato mosaic and noted amoeba- 



HISTOLOGY AND CYTOLOGY OF SUGAR-OANK MOSAIC 


11 


like bodies in the yellow chlorotic areas. These bodies ‘ 4 tended 
towards pear-shaped or round.” 4 ‘These corpuscles seemed to be 
possessed of a definite wall and had in addition one or more very 
clearly defined vacuoles.” “In many cases they were closely as¬ 
sociated with the cell nucleus.” He failed to find nuclei in these 
bodies and the chloroplasts were much reduced in number. The cell 
walls were frequently ruptured and there was a general disintegra¬ 
tion of tissue in the light green or yellow areas and the “nuclei 
themselves are in a state of complete degeneration.” lie believes 
the intracellular bodies to be “degenerate products of the host cells.” 

The last paper on the subject is by Rawlins and Johnson (16) 
who made cytological studies of tobacco and who found two types 
of bodies in mosaic tissues, one type being very generally associated 
with the nuclei. 

INVESTIGATIONAL 

The studies on which this paper is based have been directed pri¬ 
marily along lines suggested by the researches of Iwanowski ( 6 ), 
Palm (16) and Kunkel (8, 9, 10). The killing fluid most generally 
used was weak Fleming but Carnov’s fluid and several mixtures of 
picric and acetic acids both with and without corrosive sublimate 
were also tried. Weak Flemming fluid proved to be most satisfactory. 
The most satisfactory stain was found to lie Haidenhain’s Tron- 
alum-IIaematoxylon. care being taken not to destain too much. The 
bodies which are associated with the mosaic disease showed to the 
best advantage when the nuclei of the cane were stained too deep 
for satisfactory stud\. A number of matrix stains such as Orange 
(I and Kosin were used but were not necessary .to good results. 
Safranin and Gentian Violet were found to be much less satisfactory 
than the Iron-alum-IIaematoxylon. Carniin stains were tried but 
proveiI unsatisfactory. 

These studies have to do with both leaves and stems. A few 
studies were made on the roots, but since no difference between 
roots from healthy and diseased plants were noted, they will l>e 
omitted. In making the studies of diseased leaves, sections were cut 
from both dark and light green or yellowish spots; and from cane 
of the same variety and about the same age, supposed to be healthy. 
In the study of the diseased stems, buds and roots, preparations 
were also made from corresponding parts of supposedly healthy 
canes of the same variety and age. 

In order to a ; d in the discussion, we* will present a somewhat 
digramatic drawing (Fig. 1) of a cross section of a normal cane 
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leaf to be used as a map in our further discussion. In this drawing 
it will be noted that the leaf is made up of a mesophyll consisting 
of large and small cells, the former be : ng near the upper surface 
and usually without chlorophyll; there is no pallisade as in most 
plants; the mesophyll is supported by fibro-vascular bundles of 
various s'zes, and the larger ones extending almost from epidermis 
to epidermis; the smaller ones lying near the lower surface; the 
upper epidermal cells are slightly larger than the lower and the 
upper cuticle slightly thicker; the stomata are found on both sur¬ 
faces. The large fibro-vascular bundles consist of xylem cells sur¬ 
rounded by selerenehyma cells which are in turn surrounded by a 
single layer of sheath cells. In the smaller bundles the selerenehyma 
cells are reduced in number and may be absent. The sheath cells are 
more or less tubular; in cross section they appear more or less 
circular and in the longitudinal section rectangular. The nuclei are 
readily seen in the irregular parenchyma unless concealed by chloro- 
plasts. They are usually more prominent in the large parenchyma 
and epidermal cells. They are more prominent in longitudinal than 
in cross sections of the sheath cells, because the diameter of the 
cells is so narrow that practically every section through a cell shows 
the nucleus while the length of the cells is great enough that manyi 
sections of a cell do not pass through the nucleus. The ehloroplasts 
are larger in the sheath than in the other mesophyll cells and the 
markings more regular and distinct. There is also much less chloro¬ 
phyll in the large than in the small cells of the mesophyll. 

It is well known that the leaf symptoms of mosaic are most 
conspicuous on actively growing cane and on the new leaves. In a 
mosaic cane bearing fifteen or twenty leaves the symptoms on the 
oldest leaves have almost entirely disappeared. This has been ob¬ 
served repeatedly on canes that had been under observation from 
time of germination. A study of the cells of these leaves shows that 
the ehloroplasts are always more numerous in the dark-green than 
in the light areas. Therefore, it appears that in the case of the 
light-green areas the formation of ehloroplasts is inhibited but that 
with the exposure to sunlight this inhibition is gradually overcome. 

Measurements of a number of specimens showed that the light- 
colored areas were always slightly thinner than the dark-green areas 
of the same leaf. This difference is so slight in most cases as not to 
be perceptible except as the result of careful measurements. Similar 
differences in thickness have been noted by Iwanowski and Woods 
on tobacco and by Melchers on tomatoes. There was no perceptible 
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difference in form, size, compactness of cells such as have been 
mentioned by Woods, Heintzel, Bouygues, Iwanowski and Chapman 
in tobacco and by llelchers in tomato. However, it should be 
remembered that tobacco and tomato are both dicotyledonous while 
cane is monocotyledonous and that the normal leaf structures are 
quite different in most species of these two great groups of plants. 
Therefore, the comparisons of structure of the one with the other 
are not altogether pertinent in this discussion. 

There was no great variation in size and character of cells in 
mosaic cane as compared with healthy canes such as have been noted 
by Woods Heintzel, Bouygues, Iwanowski and Chapman in tobacco, 
by Melchers in tomato, and by Artschwager in potato. However, 
there was a very slight reduction in size of cells in mosaic canes,| 
especially in the sheath cells of the fibro-vascular bundles. 

The intracellular bodies which have been described by Kunkel 
could be found by careful search (Figs. 2-22, 35, 36) but they were 
not abundant or conspicuous. They were found in the white areas 
of the leaves and near the growing points in the stems of the canes 
and sometimes in other places, but never in healthy canes and never 
in the roots of diseased canes. They were more readily found in 
young rapully growing plants than in old plants. They were not 
always found in severely diseased plants It is doubtful if they 
would have attracted the attention of the writer if he had not been 
looking for them. 

These bodies correspond quite well to those described by Kunkel. 
They appf xr to be protoplasmic and usually have a more or less 
definite outline. They were closely associated with the nuclei and 
are irregular in size and character. In most casi s the bodies were 
in direct contact with the nuclei, but in a few cases they were 
slightly removed (Fig. 35). Although irregular in shape, they were 
seldom amoeboid (Figs. 15, 16). In some cases the plasmodial body 
was dense and in others very delicate and staining very slightly. 
In some cases these bodies appeared to be surrounded by delicate 
membranes while in others no such membranes could be detected. 
Th ; s condition has been noted by Kunkel. In some cases peculiar 
bodies (Fig. 24) were found in cells in which their nucleus could not 
be seen, but it was impossible to determine if they were or were not 
the same as those associated with the nuclei in other cells. No 
nuclei could be detected in any of the bodies under observation. 
In no case was the veU-like structure described by Kunkel observed. 

The variations in appearance of thejiost nuclei (Figs. 25-39, 
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55-58) were quite noticeable. In some eases there was no visible 
change in the character of the nuclei while in others the nuclei were| 
very much enlarged as has been previously noted by Kunkel. In 
some cases there were two or more nuclei in a single cell but this 
was also true in tissues from plants that were apparently healthy. 
Two or more nuclei were much more frequent in the cells of the 
stems than in the cells of the leaves. In some few eases a tendency 
to disintegration (Figs. 23, 37) was noted but the writer is very 
doubtful if this had any relation to the disease. However, the 
greatest abnormalities in the nuclei were in the white or yellow areas 
of the leaves. The nuclei in these areas were usually very large and* 
very irregular in shape as compared with nuclei in the dark green 
areas and in normal leaves of the corresponding age and development. 
In these green areas and in normal plants the nuclei were compa¬ 
ratively small and spherical in form. A very puzzling feature of 
this study is that the writer found very few of the intracellular 
bodies in those cells which showed the greatest abnormalities (Figs. 
35, 36). Many of the abnormal nuclei were very much elongated! 
and resembled flagellata (Figs. 28-34) but there was no difficulty 
in determ ning their true character. These elongated nuclei must 
not be confused with the elongated nuclei of the vascular tissues: 
they are in the parenchyma colls and the size and form has all tl*n 
appearances of being the results of stimulation. In several cases 
there was evidence that the nucleus had been destroyed and that 
the plasmodial bodies (Fig. 24) alone remained in the cells but it 
was difficult to say definitely whether these bodies were or were not 
distinct from the normal protoplasm of the cells. The enlargement 
of the nuclei of host cells in the case of diseases caused by fungi 
and bacteria has been recorded by a considerable number of workers 
It is also very generally conceded that host cells which arc not in 
direct contact with the parasite may undergo modifieations. The 
modifications may he due indirectly to the parasite, through the 
direct action of its enzymes ou the host cell. Therefore it is possible 
that the modifications of the host nuclei in the mosaic sugar-cane 
cells are due to enzymes. This may explain the fact that intracel¬ 
lular bodies were not found more frequently associated with the 
abnormally developed cells. It is well known that cells in host 
plants which are not in contact with the parasitic organisms, such 
as nematodes and Plasmoddophora bnusskae develope abnormal char¬ 
acters. In this connection it is interesting to recall that the enzyme 
theory was advanced by Heintzel in 1900 and was further elalmrated 
by Woods in 1902. 
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Another interesting phase of this study was brought out by a 
careful study of nuclei in the white areas of all the leaves of a 
diseased plant (Pig. 39 a-j). In these cases the nuclei in the outer 
leaves are very nearly normal while those in the inner leaves are 
abnormal. It appears that the nuclei tend to become normal with 
age and exposure to light. 

The mitosis of nuclei was observed several times and was normal 
in every case. No intracellular bodies were seen in cells in which 
the nuclei were in process of division. 

The variation in character of the chloroplasts (Pigs. 40-50, 55- 
58), in mosaic and healthy tissues was fully as marked as the varia¬ 
tions in character of the nuclei. In considering th ; s phase of the 
subject the reader must remember that there are two very distinct 
types of chloroplasts: those found in the sheath cells and those found 
in the parenchyma tissues which have already been referred to (see 
page 12.) The chloroplasts in the white or yellow areas were fewer 
in number and smaller than in the green areas. In making these com¬ 
parisons it is necessary to compare with the corresponding tissues, 
since the chloroplasts in the sheath cells are normally larger and 
have more definite markings than those in the mesophyll cells. Similar 
differences in size and number of chloroplasts in cells from white 
and green areas have been noted by Koning, Iwanowski, Melchers, 
Matz and others in their studies on mosaic of tobacco, tomato and 
cane. 

The chloroplasts in normal sheath cells are spherical or nearly so 
and are u4ially near the cell wall, leaving an open space in the 
center of the cell (Fig 40) In the case of diseased cells they are 
fewer in number, very much smaller and are grouped near the wall 
in one part of the cell (Fig 41, 43). A close examination of these 
chloroplasts shows that those that are normal are covered with an 
anastomosing net work of ridges (Pig. , 49 a Those from diseased 
cells have these ridges very much reduced (Pig 49 ft ). These points 
can be readily seen in lightly stained chloroplasts. 

The chloroplasts in the normal mesophyll cells (Pigs. 44, 46 </, 
47 a) next to the sheath cells are somewdiat smaller than the chloro¬ 
plasts in the sheath cells. They are spherical or nearly so and have 
no regular distribution. In the corresponding cells of a diseased 
plant they are very much smaller and usually few r er in number 
(Figs. 45, 46 6, 47 ft). The markings on these chloroplasts are much 
less distinct than on those in the sheath ceils. 

The small chloroplasts of the mosaic Mis are usually spoken of 
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as having undergone a process of degeneration. The writer has 
studied the chloroplasts in the very young unrolled leaves and is 
satisfied that these chloroplasts are u ndevelop ed rather than disin¬ 
tegrated. They have never reached normal development. Further¬ 
more a study in a series of leaves from those just unrolling to the 
outermost on a plant shows that the chloroplasts of both normal and 
mosaic cells (figs. 50 o-t) increase in size after being exposed to 
light. These changes which are apparently due to age or light are 
so pronounced that there is very little difference in size of chloro¬ 
plasts in the old leaves of a diseased plant and the chloroplasts in 
a leaf of the same age from a healthy plant. The writer is very 
doubtful if disintegration ever occurs in the case of primary infec¬ 
tion (i. e., infection from the seed). 

Matz (11) called attention to the formation of internal cavities 
as a result of the collapse of parenchyma eells. These lesions have 
been referred to later by Kunkei (8) as symptoms of the mosaic 
disease. These lesions are without doubt common to mosaic sugar 
eanc, but arc also found in cane with other diseases. Our studies 
indicate that these lesions may start very early in the growth of the 
cane, especially if the plant js severely infected. The writer found 
the early stages of these lesions (Fig. 51-54) starting by a gradual 
disorganizing of the walls of the xylem cells of the fibro-vasculu 
bundles and of the parenchyma eells in contact with the bundles in 
both stems and leaves. This disorganization of the cell walls was not 
preceded by a thickening of the walls as described by Kunkei The 
disorganization of cell walls by the action of enzymes produced by 
fungi and bacteria is well known in the case of many plant diseases, 
and the disorganization of the cell wall in this case is certainly anal¬ 
ogous if not homologous to the disorganization of cell walls in a num¬ 
ber of other well-kuowu plant diseases. The behavior of these cells 
before the disintegration of the cell walls was by no means uniform. 
In most cases they were filled with a dense mass of deep-staining 
protoplasm (Fig. 51 a), but in other cases the protoplasm was not 
dense (Fig. 51 6). In many cases there were small deep staining 
bodies scattered through the protoplasm mass (Fig. 516). With 
the disintegration of the cell walls (Figs. 52, 53), these masses of 
protoplasm became very prominent, like numerous islands floating 
in a clear liquid. Numerous deep staining (bodies were observed 
scattered among these islands. They stained exactly the same as 
nucleoli set free by the disintegrating protoplasm. However similar 
bodies were observed in section of normal tissues. The fate of this 
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disintegrating protoplasm was not determined. None of the intra¬ 
cellular bodies were found in it. This disintegration of cell walls 
was observed in the fibro-vascular bundles in both stem and leaf. 
The fact that it was always associated with the fibro-vascular bundles 
may be of some significance. 

Matz has called attention to the presence of a “g ranular nlasma 
niatfimli’ in the parenchyma cells. Material which is probably the 
same as that noted by Matz has been observed by the writer. This 
material is frequently found in canes in advanced stages of the 
disease, especially old canes, hut it is also found in canes with other 
diseases and in old canes that are apparently normal. Therefore, 
it is doubtful if it can be looked upon as important. However, the 
writer frequently noted a peculiar finely granular or protoplasmic 
material in cells, but it was impossible to determine its significance. 

The photosynthetic action of diseased plants was very much dis¬ 
turbed. Studies were made from leaves collected before daylight 
and from corersponding leaves collected about 2 P. M. In the case 
of healthy leaves the behavior was normal; there was an abundance 
of starch at 2 P. M. and very little at 5 P. M. In the case of diseased 
leaves there was much less starch formation than in healthy leaves. 
A more extensive report on this phase of the subject will be given 
in a later paper. 

SUMMARY 

1. The symptoms of mosaic are more conspicuous on actively 
' growing than on slow growing plants; and on the new than on the 

old leaves of a diseased plant. 

2. The light areas of a diseased leaf are slightly thinner than 
the green areas. 

3. The green areas correspond in every way to the leaves from 
healthy plants of the same age and variety. 

4. The cells in the light area of a diseased leaf are slightly less 
in size than those in the green areas. 

5. Intracellular bodies were difficult to find but corresponded 
quite well with those reported by Kunkel. 

6. The host nuclei were usually very much enlarged in the dis¬ 
eased tissues, especially in the tissues of the leaves. They were 
frequently very irregular in form and it was very difficult to find 
intracellular bodies associated with them. 

7. The chloroplasts were smaller and fewer in number in the 
mosaic than in the healthy tissues. 



18 THE JOURNAL OF THE DEPARTMENT OF AGRICULTURE 

8. The internal cavities in both stems and leaves start witjh a 
disintegration of the cell walls. 
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EXPLANATIONS OF PIRATES 

Pig. 1.—Cross section of normal cane leaf. Semi-diagrammatic. 
(a) T T pper epidermis. ( b) Lower epidermis, (c) Cuticle. ( d) 
Stomata, (e) Large parenchyma cells, usually without chloro¬ 
phyll. (/) Small parenchyma cell with an abundance of chloro¬ 
phyll. {g) Sheath cells of the fibro-vascular bundles. ( h ) Schle- 
rencyma cells of the fibro-vascular bundles. ( i ) Xvlem cells of 
the fibro-vascular bundles. 

Pigs. 2-1 fi.—Intranuclear bodies found in the leaves of mosaic sugar 
cane, showing variations in character. 

Pigs. 17-22—Intracellular bodies from the stems of mosaic canes. 

Pig. 23.—A degenerating nucleus and a protoplasmic mass which 
appears be an intracellular body. 

Fig. 24—Two bodies from cells that do not show nuclei. 

Pig. 25-34.—Enlarged and abnormal nuclei from white areas ot* 
mosaic leaves. 

Fig. 33, 36.—Cells from a white area of a mosaic leaf showing en¬ 
larged nuclei with intracellular bodies in fc close contact. 

Fig. 37.— Two cells from the stem of a mosaic cane. One showed an 
enlarged and the other a degenerating nucleus. 

Fig. 38 -Normal nucleus from healthy cane. 

Fig. 3!) (a-j). —A series of outline drawings of nuclei from mosaic 
tissues beginning with the outside leaf and working inward. Each 
letter represents a leaf. The nuclei in the outer leaves are ap¬ 
parently normal while those in the inner leaves are abnormal in 
form and size. 

Fig. 40.—(Voss section of normal sheath cell, showing normal nucleus 
and ehloroplasts. 

Fig. 41.—Cross section of mosaic sheath cell, showing abnotmal nu¬ 
cleus and ehloroplasts. 

Fig. 42 --Longitudinal section of normal sheath eel Nucleus 6 6 
mm. riiloroplasts 4.4 mm 

Fig. 43.—Longitudinal section of mosaic sheath cell. Nucleus 6.6 
mm riiloroplasts 2.2 mm. 

Fig. 44—Normal parenchyma cells, next to sheath cells. 

Pig. 43.—Mosaic parenchyma cells, next to sheath cells. 

Pig 46 a .—Parenchyma cell from an outside normal leaf. 

Pig. 46 b.— Parenchyma cell from an outside mosaic leaf. 

Pig. 47 a .—Parenchyma cell from inside mosaic leaf. Nucleus 4.4 
mm. Chloroplasts 3.3. mm. 

Pig. 47 b .—Parenchyma cell from inside mosaic leaf. Nucleus 7 
mm. riiloroplasts 1.5 mm. 

Fig. 48.--Parenchyma cell from mosaic leaf showing abnormal nu¬ 
cleus and reduced ehloroplasts. 

Fig. 49.—Chloroplasts from sheath cells of leaf, (g) Normal tis¬ 
sues. (b) Abnormal tissues. Note variations in size and mark¬ 
ings. *' 

Pig. 50.—Series of outline drawings of ehloroplasts from leaves of 
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mosaic plant. The letters start with the outside leaf; the small 
drawing for each letter represents the relative size of the chloro- 
plasts from the mosa’c area as compared with the size of the 
chloroplast from the cells of the normal area. The drawings on 
the left in each case are from normal, while those on the right in 
each case are fiom mosaic cells. 

Fig. 51. (a and b ).—Two cells from fibro-vascular bundle of mosaic 
plant jnst before the breaking of the cell wall. 

Fig. 52.—First stage in the disappearance of the cell walls. 

Fig. 53.—Later stage in the disappearance of the cell walls. 

Fig. 54.—A protoplasm’e mass soon after the disentegration of the 
cell walls. 

Flo. 55.—A sect'on through a normal leaf. 

Fig. 56.—A section through white tissue in the early stage of the 
disease. Parenchyma cells. Note the enlarged nuclei and reduced 
chloroplasts. 

Fig. 57.—A section through the white area of a leaf in the more 
advanced stage of the disease. Parenchyma cells. Note the en¬ 
larged nuclei and reduced chloroplasts. 

Fig. 58.—A section through the white area of a leaf in the more 
advanced stage of the disease. Sheath cells. Note the enlarged 
nuclei and reduced chloroplasts. 

Insular Experiment Station, 

Rio Piedras, Porto Rico. 
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THE QUEENSLAND RASPBERRY (Rubus probus) 

A SPECIES ADAPTED TO TROPICAL CONDITIONS 

J. P. Grippith, Plant Bm'dcr, [iihuIiii Experiment Stntion 

ORIGIN 

The Queensland raspberry is said to he of stoek originating with 
James Pink of Brisbane, Australia, as a reported eross between a 
variety received from Japan under the name Rubus ellipticus, and 
Rubus rosavfolius f the latter being the pistillate parent. 

A letter dated November 2b, 1923 was addressed by the writer 
to Mr. James Pink for further information concerning the origin of 
the Queensland raspberry, as well as to ascertain something of the 
(Conditions under which the berry was produced and the extent of 
its culture in Australia. It was also our plan to compare the 
orig’nal stock with that introduced to Porto Rico in 1912, which 
Dr. Bailey believes to he a second-generation eross and which may 
show T po uts of difference from the original (first generation hybricP. 

On January 21, 1924, Miss Jane M. Pink, sister to Mr. James 
Pink wrote from Brsbane that her brother had passed awray on 
November 2, 192J. He had been so ill during the last few year-* 
that lie had been unable to get into bis experimental garden. As a 
result the garden became a wilderness and the raspberry in question 
had ev’dent y d ed out. 

Ijater a eolumn in one of the Australian papers told of the w r ork 
of Mr. Pink. An extract from this follow’s: 

“Mr. Pink was a noted student of the Mendelian system of plant breeding 
and on many occasions showed his proficiency in crossing t\|K»s in Queensland, 
some of which were found to be of high merit. One of the most useful exam¬ 
ples of cross pollination accomplished by the deceased gentleman and an eminent 
success was the crossing of the wild native raspl»erry (evidently Hubus rosaefo- 
hus) with the Himalayan variety (Hubus clhjrticus) introduced by Mr. William 
Soutter many years ago when in charge of the Acclimatisation Society at Bowen 
Park.” 

THE PORTO RICAN STOCK 

Tn 1912 the IT. S. Department of Agriculture sent to the Porto 
Rico Experiment Station, Mayagiiez, plants of the Queensland berry 
under the Bureau of Plant Industry Number 23748, with the note 
that it was a hybrid raspberry, combining Rubus rosaefoliyts (the 
staminate parents), with Rubus ellipticus ^the pistillate). An il- 
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lustration of a fruit cluster appears in the 1912 Annual Report of 
the P. R. Experiment Station, without notes regarding the berry. 

The writer’s first experience with the Queensland raspberry was 
about ten years later when in 1921 he took up the position of hor¬ 
ticulturist with the Insular Experiment Station, Rio Piedras. At 
that t‘me there was a planting of about ten plants of the Queens¬ 
land berry together with two other species, of which our naturalized 
raspberry, Rosuefolius , was one, the other being Rubus bogotensia. 
The exceptional vigor and productiveness of the Queensland berry 
attracted the writer « attention at the time and roused his curiosity 
as to the specific name of the plant. Somewhat later specimen 
plants of the Queensland raspberry and Rubus rosuefolius were scut 
to Dr. Jj. II. Bailey for his extensive Rubus herbarium at Ithaca, 
N. Y. It was not until 1923 that the Queensland berry was given a 
specific name and called “Rubus probus” by Dr. Bailey. In his 
“(Jentes Ilerbarum-Certain Cultivated Rubi”, published in No¬ 
vember 1923, pp. 150-151, Dr. Bailey calls attention to the newly 
named species Rubus probus , giving a brief description and using 
the illustration which appeared in the 1912 Annual Report of the 
Porto Rico Experiment Station. 

Bailey’s description is largely technical and includes in addition 
only some brief notes as to the origin of the berry. Dr. Bailey has 
not we believe, seen the plant under culture and does not know 
intimately of its horticultural character. l)r. Bailey also includes 
Rubus probus in his “Manual of Cultivated Plants” (MacMillan 
1924), see pfllge 355. 

It ^\as not until the 1923-25 erop in Rio Piedras that the writer 
realized the possible importance of the Queensland berry to Porto 
Rican horticulture, though he has written various reports for the 
Insular Experiment Station and for the local paper, “Porto Rico 
Progress” (Bee Dec. 22, 1923, Jan. 26, 1924, Oct. 18, 1924), which 
tell of the merits of this berry. Mr. George Harrow, Pomologist of 
the V. S. Bureau of Plant Industry, Washington, in his Department 
cireular 320 (Aug. 1924), “The Van Fleet Raspberry — a New 
Hybrid Variety”, calls attention to the Queensland raspberry, men¬ 
tioning its cultime in Australia and Porto Rico. The latter part 
refers to my article, “Developing a new Raspberry for Porto ^ico" 
which appears in the Porto Rico Progress , Vol. 21, No. 31 p. 8. 
Plants and seed of the Queensland Raspberry were sent to Mr. Har¬ 
row, the former reaching Washington in good condition February 
16, 1924. « 

The best planting so far seen was that made on the grounds of 
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the Insular Expt. Station in November, 1923. The 32 plants in this 
group appeared to reach their maximum development, being loaded 
with fruit from December 15, 1924, up to about March 1, 1925, when 
they passed their prime, and from then until March 15 produced 
only a few fruits. This planting has been used in our hybridization 
tests. 

Other plantings have been made at Mayagiiez (also in the low¬ 
lands) and at Villalba (elevation about 1,700 feet). At both places 
the Queensland raspberry lias developed and fruited well. Mr. T. B. 
McClelland, Horticulturist of the I\ R. Experiment Stat : on, says 
that “the Queensland raspberry suffers considerably from the dry 
season there in Mayagiiez. Plantings made during the dry winter 
period are sometimes killed entirely, but when the water supply is 
adequate, the plants develop well”. Air. McClelland thinks the 
berry worthy of wide distribution in Porto Rico. We have had 
favorable reports of the behavior of mature plantings of Queensland 
raspberries from the north, west and south sides of Porto Rico, but, 
to gain fuller information, plantings have been made at the gov¬ 
ernment test farms located iu the towns of Trujillo Alto, Vega Baja, 
Areeibo, San Sebastian, Sabana Grande, Villalba and Cavey. These 
plantings are still young. 

Plants of the Porto Rican stock have been sent to Mr. R. S. Nason 
of Orlando, Florida, who is interested in the improvement of Ruin 
and tropical fruits in general. Mr. Nason reports that Rubus probus 
is growing well in Florida, but it is too early to give a final report 
on it there. It #ill be interesting to know something of the hardiness 
of this plant. 

C H A R ACT KRIZATI ON 

The Queensland raspberry is a vigorous-growing erect or slightly 
drooping plant, reaching a height of 7 or 8 feet. The stems are 
large, coarse and glabrous, w ith a few short, stra’ght spines. It ap¬ 
parently has none of the characters of its male parent, Rubus ellip - 
ficus , unless a vigorous vegetative quality has been inherited by 
Rubus probus . On our grounds we have a planting of Rubus ellip - 
finis adjoining that of the Queensland berry, with a planting of 
R. rosaefolius also near, so that the three may be readily compared. 
Rubus ellipticus makes a rank vegetative growth, up to 10 or 12 
feet, has coarse stems with heavy red pubescence and long sharp, 
curved spines. Rubus rosaefolius is a weak decumbent plant, grow¬ 
ing up to only about 3 feet in height. 

It is a more spiny plant than R. probus . 
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FIG 3—The Himalaya Raspberry (Bubus Elliptic us), Male Parent of the Queensland Raspberry, 

Stake held bv writer i« nine f«et >n«rv» 
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Technical description: —(after Bailey) “ I\ ubus probus is related 
to Rubus rosaefolius , differs in being glabrous on petioles, leaf blades 
and pedicels, less thorny: leaflets 3 to 9, but usually 7 and relatively 
much broader, ovate lanceolate to nearly ovate on short fruiting 
branches, margins more deeply and sharply serrate, veins very promi¬ 
nent ; flowers more clustered; calyx lobes acute to short cuspidate 
little if at all exceeding the petals; fruit red seedy depressed end¬ 
wise so that it has a flattened appearance, detaching from the recep¬ 
tacle in the form of a ring. • Plant upright about 8 feet high; canes 
not perennial, somewhat bend : ng, but not climbing; leaves 8 to 10 
inches long on vigorous growths and leaflets to 4 inches long.” 
“Pertain Cultivated Rubi” page 150). 

Hub us probus suckers read'ly from the root, throwing up strong, 
vigorous, rapidly growing shoots from the fleshy roots of the plant. 
In the strong character of its suckers, Rubus probus more closely 
resembles R. elliptic us than it does R. rosaefolius. 

The fruit of Rub us probus is produced very abundantly, many 
clusters setting 8 to 10 berries, as shown by an accompanying il¬ 
lustration. The writer counted 33 berries on a clump of three 
clusters grouped together. The berries when fully matured are 
large and flattened and of fairly good flavor though not comparing 
so favorably with the best northern raspberries, lacking the dis¬ 
tinctive character of the latter. The individual berries of R. probus 
a»c larger than those of either parent fruit of the Queensland berry, 
is rather per^hable and crumbles too easily for a good shipping 
berry. A large quantity of fruit has been sold from the Station 
grounds the past season for 15 cents a pint and is evidently ap¬ 
preciated by the native Porto Ricans. Continental Americans who 
are familiar with northern raspberries do not react so favorably 
towards the Queensland berry, but some who have tried it in the 
form of jelly or jam speak well of it. The Station Entomologist, 
Dr. II. L. Dozier, who was not familiar with either the wild berry 
(R. rosaefolius) or with the Queensland berry before coming to 
Porto Rico recently, pronounced the latter to be of better flavor. 
The writer also prefers the fruit of the fully mature Queensland 
berry. Many of those who have known the northern raspberry ipay 
acquire a taste for the Queensland berry by continued use. 

Considerable quantities of the wild berry ( Rnbus rosaefolius) are 
constantly being sold at points in the hills of Porto Rico, near -Aibo- 
nito, where the berries reach perfection, and op the Cayey-Guayama 
road. An accompanying photo illustrates this berry. The children 
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Photo, In#lar Station, 1925. 
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gather the fruit under the shade trees in the coffee plantations and 
sell them for about 10 cents a quart to passing tourists. The fresh 
fruit is also sometimes carried down from the hUls in small straw 
baskets and sold in San Juan. The wild berry is put up in the form 
of jelly and jam by an Aibonito hotel and by private individuals 
living near the town, who prepare the product for sale in San Juan. 

Some comparisons between the Queensland raspberry and oui 
naturalized wild berry are interesting. From a fruiting standpoint, 
Rubus probus has several advantages over R. rosaefolius . The former 
produces large clusters of fruit as we have noted above, sometimes 
running ten to the cluster. R. rosaefolius produces only a single 
fruit on a terminal. The fruits of Rubus probus are large and of 
better flavor than those of R rosaefolius . However, if Ihe fruits of 
11. probus are picked before fully mature they are too acid to be 
very palatable. Both R. probus and R . rosaefolius^haw very perish¬ 
able fruit, to the thimblelike shape of the latter is more desirable. 
The fruits of Rubus probus reach their full development in both the 
lowlands and highlands of Porto Rico, while R. rosaefolius reaches 
its maximum only in the higher elevations of the Island. 

As regards plant development, the Queensland berry has also 
certain advantages over the native berry. The Queensland berry 
will develop normally in bright sunlight under open field conditions, 
while the Rubus rosaefolius requires a part shade for its proper 
development, and so is not suited for field culture. The Queensland 
berry makes a vigorous erect plant growth and the suckers “take 
hold” readily when field planted. The wild berry makes a weak, 
low’, spreading plant growth and is very difficult to establish by 
suckers. The tall growth of the Queensland berry permits easy 
picking of the fruit, while the wild berry is so low' and produces 
sparingly that the harvest is difficult. 

PROPAGATION 

The Queensland raspberry propagates very readily in three forms. 
The quickest method of establishing a plantation is by the use of 
suckers, which are always abundant. Plants may be grow'n from root 
cuttings 4 to 6 inches in length by bedding them in sandy soil. 
Practically all will sprout strong plants. We find that Rubus probus 
comes more readily from seed than most other berries with which 
we have been working. Our best results have been obtained on a 
steam-sterilized sandly soil. The seedling method is, of course, a slow f 
way of producing plants. In order to determine whether our stock 
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of the species, R . probus , is a pure one, some 200 seedlings were 
raised at the Insular Station in 1924. They showed no noticeable 
variation from the parent type. 

In connection w‘th the germination of Rubus seed we have received 
some interesting information from Dr. Chas. A. Shull, plant phys- 



FIG. 5.—A Hybrid Raspberry Rubus probus (Female) X Rubus 
stnnposits (Male) Produced in January, 1925 (Cuthbert Rasp¬ 
berry the pollen bearer) 


iologist at the University of Chicago, and from Mrs. Opal Davis, 
formerly in Chicago but now at the Boyce-Thompson Institute for 
Plant Research, Yonkers N. Y. Th ; s relates to the treatment of 
Rubus seed with sulfuric acid to hasten germination and is a con- 
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tinuation of the study started by R. C. Rose in 1919. In Rubus the 
dormancy is due to the high breaking strength of the pericarp, which 
is eliminated by treatment with acid under proper conditions. In 
the case of Rubus rosaefolius a 95-per cent germination was obtained 
by treating the seed with sulfuric acid Sp. gr. 1.84 for 45 mins, and 
somewhat over 50 per cent germination with the same treatment for 
Rubus probus, tho Dr. Shull believes a one-hour treatment would 
probably give better results in the case of the latter species. Mrs. 
Davis is now studying the possible effect of a rest period on the 
germination of Rubus probus seed treated with acid. We have sent 
her some one-year-old seed for this work. 

The best distances for field planting Rubus probus arc 8 feet 
between rows and 5 to 6 feet between plants in the row. This allows 
for maximum development. On Porto Rican soils it will be found 
advisable to place well-rotted manure under the plants at time of 
setting. Later a mulch of dried grass around the plants will be 
found beneficial. In keeping the field of Queensland raspberries 
free of weeds, it has been noticed that the use of the hoe in severing 
tho roots of the berries causes many suckers to spring up. Unless 
the young plants are removed they sap the life of the main plant 
thereby preventing a proper set of fruit. 

TRUNING 

Yen’ little training is necessary in the case of Rubus probus as 
the plants grow quite erect, drooping only slightly. By placing 
heavy end post! extending some G feet above the ground with 3-foot 
eross bars of 1" by 4" material at the 2 and 5 foot levels and 
stretching wires along the sides of tho berry rows, die canes will 
bo held from spreading out too much. 

OENKR \L OBSERVATIONS 

While we consider the Queensland raspberry as worthy of more 
extended planting in Porto Rico, because of its strong plant growth 
and its great productiveness, the quality and shape of the fru ; t are 
defects which we are seeking to remedy by hybridizing Rubus probus 
with northern raspberries of high quality. As a start in this direc¬ 
tion, we have crossed the Outhbert (Rubus strigosus ), a high quality 
red raspberry (note photo of Outhbert plant we have used as a 
poPenizer) with R. probus , which makes an excellent pistillate parent 
under our conditions. From the resultant fruit of this eross l note 
illustration) we have obtained several hundred seeds for planting. 
We have also crossed the Manatee dewberry (Rubus irivialis) with 
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FIG. 6.—The Outhbert Raspberry (Subus stringosus) in Porto Rico 
Pollen parent used to hybridise the Queensland Raspberry (kubus probus) 
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Rubus probus and from a few crosses find that the pollen of the 
dewberry is dec'dedly congenial to probus stock—much more so than 
Cuthbert, which gave rather poorly formed fru’t in some cases, 
tho plenty of pollen of the Cuthbert has been available over a period 
of two months or more. Our best results in the probus-strigosu s 
cross were obtained where the Queensland berry flowers were not 
exposed to the hot midday and afternoon sun. 

Heretofore the Rubus work of the Insular Station has been handi¬ 
capped bv not having the proper conditions in the hills of the Island, 
as mentioned in the 1923-24 Annual Report of the Insular Experi¬ 
ment Station. We have lately found a desirable spot near Aibonito 
at the 2,000-foot level, where 18 species and varieties of raspberries, 
blackberries and dewberries have been planted. 

Our experience has so far showr that most of the Rubi from the 
United States, especially those from the northern sections, will not 
develop well under tropical conditions, the two diseases, Leaf-spot 
(Sr pi or ia rubi) and Anthraenose ( Ghcsponum vrnctum ), being too 
much for them, causing defoliation and in some cases death of the 
plants. Quite a contrast is offered by Rubus probus growing near 
by winch is untouched by these diseases. The plants from northern 
sections lack vigor hi Porto Rico, w hich increases their susceptibility 
to diseases here. The blackberries and dewberries from the south¬ 
ern United States make the most vigorous plant growth of the Rubi 
brought from the States and are cjifte resistant to disease. We are 
bringing sflpne of the varieties through the flowering stage so that 
pollen of the high-quality berries may be used in the hybridization 
of some of the tropical forms which produce fruit more or less lacking 
in quality Some of these with which we are working are R. rllip- 
tints, R. moluccanus , R. probus , R. niveus , /?. glomeratus , R.'thun- 
bergii and R. macrei (discussed in niv Florida Grower magazine ar¬ 
ticle, Dec. 6, 1924). Varieties which have flowered and in some eases 
set fruit for us are Cuthbgrt raspberry, Manatee dewberry, Advance 
blackberry, Rubus hybrid us and Rubus ellipticus , the last named 
having been brought from Jamaica, whore the plant has become 
naturalized in Ihe lulls. 

The distribution of pronrsing agricultural crops in Porto Rico 
will from now T on be facilitated by the establishment of the govern¬ 
ment test farms elsewhere referred to in this article. These farms 
are located in the various districts and the planters can see for 
themselves the possibilities w T ith certain crops and obtain stock for 
starting their ow r n plantings. 



PIO. 7.—mflMaaeenee of the Ceylon Soapberry (Bubus sp f) 
(Enlarged 1/3) Photo by Dr. H. L DoVler, April,1W 
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A CEYLON RASPBERRY (Rvbus sp. ?>) 

ONE OP THE MOST PROMISING OP THE TROPICAL BERRIES UNDER TEST 
BY T,HE INSULAR EXPERIMENT STATION OP PORTO RICO 

The Ceylon berry was supplied together with five other species 
by the Royal Botaire Gardens of Pcradeniya, Ceylon, coining origi¬ 
nally from the Hakagala hill gardens of Ceylon. The seed was sent 
from Ceylon oil November 27, 1923, and arrived in Porto Rico in 
March, 1924, The first fruits from the March, 1924, planting began 
to mature in Rio Piedras in April, 1925. 

BOTANICAL DESCRIPTION OP TIIE CEYLON R\SPBERRY 

Plant: 3-4 m. high, terete, glabrous, heavily glaucus-pruinose, 
armed with sharp curved spines, about, 1 em. long; leaves , pinnate 
with 5 to 7 leaflets usually 7, petioles 9-15 em. long with sharp 
recurved spines, mostly on underside; petiolules and midveins slightly 
prickly; terminal leaflets, petioluled rhomboid 5-8 cm. long, glabrous 
and dark green above, whitc-tonientose beneath (being whiter beneath 
than leaves of It. glaum*) coidate at base, doubly serrate, accunii- 
nate, palmately veined, veins prominent; side leaflets riearly sessile, 
lanceolate-ovate; inflorencenee , clustered at the terminal, appears 
also in upper leaf axils, branches tomentose; sepals lanceolate, 
pubescent, gradually acuminate, fl-8 mm. long, in fruit strongly 
reflexed; petals broadly ovate, color pink or old rose; 5 mm. long 
by 5 mm. widj, pistils a dark red color. 

Fruit, dark purple covered with fine hairs giving it a pruinose 
effect 10 to 15 mm. long and 15-20 mm. thick, shape conical. Pro¬ 
duce 6 to 8 fruits in terminal clusters and 1-5 (usually 1-2) fruits 
in each of the axils of leaves. Average 20-25 fruits per fruiting 
branch. 

In planting the Ceylon speeies of Rubi, the seed of some unfortu¬ 
nately became mixed and the preceding species which we have found 
necessary to describe is one of tliese. We are hoping to obtain the 
true speeies name either from the Royal Botanic Gardens, Perade- 
niya, Ceylon, or from the New York Botanical Gardens to which 
places we have sent herbarium material. The Ceylon raspberry 
(Rubus sp.) makes a strong vigorous plant growth and fruits quite 
abundantly under Porto Rican conditions. In practically every 
respect the Ceylon raspberry described on the follow’ng sheet 
resembles the black raspberry, excepting the jjolor of the fruit and 
the slight difference in the shape of the berry. The Ceylon berry 
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roots at the tips of the canes so that large numbers of small plants 
can be readily secured. 

The Ceylon raspberry, aside from its possible merit for cultiva¬ 
tion in tropical countries, has a greater possibility, perhaps, as a 
hybridizer to use in connection with the American black raspberry 
In the North the black raspberry is very susceptible to a serious dis¬ 
ease, the anthracnose (tiloesporium vcneium) which shortens the 
life of commercial plantations and so is more or less a limiting 
factor in the profitable cultivation of the crop. The United States 
Department of Agriculture is interested in crossing the black rasp¬ 
berry which Rubi which make a strong plant growth and which are 
resistant to disease (particularly anthracnose) and it seems that the 
Ceylon raspberry may bo just the pollen parent to use in this hy¬ 
bridization work as so far our tests have shown the Ceylon berry to 
be resistant to both anthracnose and leaf-spot (septoria rubi), Seed 
and young plants of the Ceylon berry will soon be available for use 
by the T T . S. Department of Agriculture and other experimenters in 
the United States or elsewhere who may care to work with the 
species. 




ON THE AMOUNT OF FOOD EATEN B7 INSECTS 1 

George N. Wolcott, Entomologist, Insular Experiment Station. 

In the course of another investigation, it became desirable to 
know how much food insects ate expressed in terms of the weight 
of the insect itself. A search of literature gave surprisingly little 
exact data on this point. 

The caterpillar of Telea polyphcmus Cramer, as noted by Trou- 
velot (I), “when 56 clays old—is fully grown and has consumed 
not less than 120 oak leaves, weighing three-fourths of a pound; 
besides this it drank not less than *4 oz. of water. So the food 
taken by a single silkworm in 56 days equal in weight 86,000 t’mes 
the primitive weight of the worm (l/20th grain). Of this, about 
14 th lb. becomes excrementitious matter, 207 grains are assimilated 
and over 5 oz. have evaporated.’’ 

The amount of corn leaves eaten by the army worm, Cirphis uni - 
puncta Haworth, has been measured in square inches (2), and the 
amount of clover leaves eaten by the weevil, Ifypera punctata Fa- 
bricius (3). None of this data however, was in terms of the weight 
of the insect, and for the first experiment, the tobacco hornworm, 
Phlec/ethontiiis scjrta jamaicensts Butler, was chosen because of its 
large size, rapidity of development, availability in Porto Rico, and 
incidentally because of its economic importance. 

Hornworm eggs weigh .00105 gram each, and the just hatched 
larva .0004 gram. The caterpillars were kept in small glass dishes 
with tightfltting covers, the size of the dish being increased as the 
caterpillar grew and needed more room. The food of the eaterp ; llars 
in the first instar was not weighed, as the amount eaten was so 
minute, but the larvae were weighed daily, and their food and ex¬ 
crement in succeeding larval install. The figures of daily consump¬ 
tion of food and gain in weight of the caterpillars were not compa¬ 
rable, as the larvae might recommence eating after molting at any 
time of day or night. But in general, they showed enormous con¬ 
sumption of food relative to the weight of the larva in the first, or 
first two, days of the instar, but actually larger consumption of food 
the last day previous to the pre-molting period because of the increased 
size of the larva. The apparent gain in weight was also greater in 
the first day or days of each instar because of partly digested food 
with which the alimentary canal was filled, and there was an ap- 

1 Thesis pit rented m partial fulfilment for the degree of Ph 1) nt Cornell. University, 
Ithaca, N Y 
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parent loss in weight in the pre-molting period as the digestive tract 
was emptied. But each instar represents a very definite period of 
growth, of which the net gain can he readily determined. 

The Growth of Homworm Caterpillars 




Food consumed 


Gain In weight 


Sxere- 

% Of 
food 

Instar. 

09 







« 

a 

Weight 

(Grams) 

i of 
Total 

Grams 

of 

total 

£ Increase 

1 4 of 
food 

(Grama) 

Larva *• A" 





* 





1st . 

8 

.0208 gr 

1 % 

.0071 

.2* 

1750* 

34 2* 



2nd. 

4 

.0732 gr 

4* 

0285 

9 j 

406r, 

> 88 9 



3rd. 

6 

.4994 

27 

.1118 

34 

608 

28 9 



4th. 

6 

1 82 

87 

.5948 

13 9 

•111 

1 86 7 

.7446 gr. 

45 9 

6th .. . . 

7 

16 0367 

86 6 

3 4976 

81 0 

588 

21.8 

IO.O082 

62.4 

Total,. 

24 

18 2501 


4 2782 


10738 

| 28 4 

10 7478 gr. 

69. 

Larva “7* ’ 







1 

plus 


1st. 

2nd.. . 

4 

0187 gr 

Ofrt 

0064 gr. 

.1* 

1600 

1 84 2* 



0 

.0788 gr 

8 % 

0277 

5 

442 

34 9 



3rd. 

6 

4087 

1 7 

1359 

27 

490 

88 4 

.1176 gr 

18 

4th ... 

6 

2 7758 

12 

8701 

17.6 

645 

31 5 

1 6908 

67 8 

6th. 

7 

19 8591 

85 8 

8 981 

78 9 

418 

2u 0 

12.6224 

63 7 

Total. . 

27 

2 2 9889 gr 


4 9818 


12155 

21 7 

14,2808 gr 

61 8 

Larva “0” 
1st . .. 

4 

017 gr 

07 

.0058 

1 

1 1 

1450 

81 2* 

plus 


2nd 

4 

0478 

6 

.0182 

.8 

831 

32 0 

0282 

15 7 

8rd . . . 

4 

:n.44 

1 3 

.1116 

1 9 

288 

84 2 

091 

27 2 

4th . . 

5 

2 7845 

10 9 

1 0188 

lb 7 1 

889 

36 5 

1 3612 

48 8 

6th . . 

9 

22 1630 

87 1 

4 9203 

80.6 

483 

22 2 

12.9684 

58 4 

Total. 

26 

25.4461 gr. 

1 

0 1077 g! 


15269 

24 

14 4338 gr 

56 7 


* Computed uxemge of 2nd, 3d nnd -1th of all three lanae 

I)a>s of 5th niHtnr me those to attain maximum v eight, not to pupation 


Of the food consumed, between a fourth and a fifth becomes 
caterpillar, and nearly two-thirds excrement. Both fresh tobacco 
leaves and fresh excrement contain about 86 per cent water—oven-dry 
leaves are 14.2 per cent of their fresh weight and oven-dry excrement 
14.01 per cent—and presumably the caterpillars contained as high a 
percentage of moisture; thus the figures on fresh leaves, living cater¬ 
pillars and moist excrement are about the same in relation to each 
other as those of oven-dry material. The data on excrement appears 
to show a decreasing digestibility of the food as the caterpillars in¬ 
crease in size, and the last pellets excreted before pupation are lighter 
in color and possibly not as thoroly digested as the others. But, 
aside from this, it actually indicates a partial drying-out of the 
qjrerement in the earlier instars because of the proportionately larger 
container used for the caterpillars when they were small. An 

average of the figures for the excrement for the 4th and 5th instars_ 

54 per cent of the weight of the food consumed—is probably ap¬ 
proximately correct for the entire larval period. The awmiW net 
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gain of the caterpillar from the food consumed in the last instar 
is due to the physiologic changes occurring in preparation to papa* 
tion and not to a difference in digestibility of the food. These 
physiologic changes and the ordinary muscular activities of the 
caterpillar entail the production of urates and other waste products. 
In addition to the undigested food, the pellets of excrement contain 
these waste products, which correspond to the urine in higher animals. 
As these two constituents of the excrement can not be mechanically 
separated, the presence of the urates adds another factor of error in 
the data on the excrement. It is however, a relatively constant ele¬ 
ment for most non-activc caterpillars, and will increase considerably 
in amount in the last instar. The digestibility of, or rather, the net 
return from, tobacco leaves by hornworm caterpillars is around 40 
per cent, most of which becomes caterpillar in the earlier instars, 
but nearly half of which is used up in internal changes in the final 
larval instar. 

The data on maximum net gain are not so accurate as might be 
wished, for the weighing should be made as soon as the last pellet 
of excrement is eliminated, and not at the convenience of the experi¬ 
menter, as the daily loss in weight after the maximum is reached, 
at least in the fifth instar, amounts to about a third of the live 
weight, and as is later shown, the pupa weighs scarcely half the 
maximum of the larva. The remaining difference between food and 
caterpillar plus excrement is accounted for as losses of respiration 
of CO 2 and H 2 0 from the caterpillar, and from the leaf after weigh¬ 
ing before it was consumed. Fresh tobacco leaves lost twenty to 
twenty-five per cent of their weight the first day kept in tightly- 
covered glass '‘ontainers, and the caterpillars never obtained all of 
the moisture they are credited with. There is also a loss of from 
one to three per cent at each molt—the weight of the cast skin— 
and possibly an even greater, but incalculable, loss in the molting 
fluid. 

For comparison with vertebrates which develop rapidly, the 
pounds of dry matter per day for each one hundred pounds of live 
weight of chickens and ducks, as given by Mr. Wm. P. Wheeler 
(4) is: 



ChtokeM 

Ducks 

Hornworm Caterpillar} 

First two w eeks. 


10.1 

17.2 

20. (first tour lustars) 

Two to tour woeks ,.. 

. 

•• 

17.0 

46. (fifth tutor) 


The large consumption of food in the last ipstar of the caterpifixr> 
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is for the internal activities and changes, and maintenance, until the 
adult can obtain food. It is surprising that a sluggish, cold-blooded 
insect should consume so much more than active birds which have 
a high body temperature to maintain, even tho the birds are able 
to digest, on the average, twice as much of their food. 

The caterpillar of Phlegethontius sexta attains in 26 dayB, 12,486 
times its original weight (1/2500 gram) and has eaten an amount of 
food 55,600 times its primitive weight; that is, in half the time 
required by Telea polyphemus it attains more than three times the 
relative weight of the latter and consumes nearly one-third less food. 
The difference is due to many factors, the most obvious being the 
difference in weight of the just-hatched larva, 1/2500 gram for the 
hornworm and l/20th gram for the silkworm, which is an unfortunate 
selection as a basis for comparison. Actually, however, the data car¬ 
ried thus far means practically nothing, as the fully grown caterpillar 
is not an adult insect—it has merely attained its maximum growth. 

Of the three caterpillars, one, “A", escaped when fully grown 
and lost its life in a battle with a lizard. The other two were reared 
to adult and from them the following data was obtained: 


‘B ’ “C” 

Weight of pupa, February 2-- 2. 541 gr. 3. 0895 gr. 

Weight of pupil, February 13--- 2.3155 gr. 2.8542 gi. 

Per cent of daily loss-- . 842% . 672% ^ 

Computed weight of pupa at beginning- 2.648 gr. 3.1965 gr. 

Computed weight of pupa at end--- - 2.1443 gr. 2. 7044 gr. 

Weight of pupal akin- -- .0346 gr. .0344.gr. 

Computed weight of meconium and H/D loss- 1.4105 gr. 1.6518 gr. 

Weight of food eaten by larva - 23. 02 gr. 25 447 gr. 

Live weight of adult- — . 6992 gr. 1. 0182 gr. 

Per cent of weight of food eaten b.y larva- 3.02% 4.001% 

Oven-dry weight pf food eaten by larva- 3.223 gr. 3.565 gr. 

Oven-dry weight of adult--- .277 gr. .399 gr. 

Per cent of weight of food eaten by latva- 8. 6% 11. 2% 

Ratio: Weight of adult to food eaten by larva. 1: 11. 6 1: 8. 9 

a male a female 


The pups* were not weighed daily as it was feared that the inci¬ 
dental disturbance might prevent the emergence of adults. The loss 
of H*0 from the pupae was possibly abnormal, as they were not 
buried in moist soil, but kept in a closed glass container. The meco¬ 
nium, which consists of the non-gaseous by-products of the activities 
of the insect since the first day after it, as a fully-grown caterpillar 
eeased voiding excrement, is excreted by the moth immediately on 
emergence and was so scattered that it could not be weighed to 
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separate it from the loss of water experienced by the moth in ex¬ 
panding and drying its wings, and the combined weight of these 
factors is determined by difference between pupa and adult plus 
pupal shin. 

The computed maximum oven-dry weight of the larva is 2.15 
times (2.15 for “B”, 2.14 for “C”) that of the adult; that is, the 
insect loses over half its dry weight in transforming from larva to 
adult. The final data showing that the oven-dry weight of the food 
consumed by the larva is approximately ten times that of the oven- 
dry weight of the moth, is only an approximation for the species, but 
even of two insects, gives a basis for comparison with other insects. 

Mr. J. J. Davis has very kindly furnished the air-dry weights of 
adults of Cirphis unipuncta (ten museum specimens) as being ap¬ 
proximately .048 plus grams. Ten weighed .489 gr., five weighed 
235 gr. The air-dry weight of corn leaves from young plants is 
.02108 gr. per square inch, and .0311 gr. for leaves from mature plants 
of which the army worms ate 41.4 square inches to complete their de¬ 
velopment, or from .872712 gr. to 1.28754 gr. The adult weighs only 
from 5.5 per cent or l/18th, to 4.—per cent or 1/26 of this. Its 
larval period—26*4 days—averaged one-sixth less than the horn- 
worm, and obviously corn leaves are less nutritious for armyworms 
than tobacco leaves are for hornworms. 

Indeed the results computed from Mr. Davis’ data are so far re¬ 
moved from those on tobacco hornworms that it seemed desirable to 
determine how great are the variations in the amount of food eaten 
by caterpillars on different and the same host plants. In most of the 
feeding experiments which were subsequently conducted, only the 
last and the next to the last instars were used; the amount of food 
consumed in the earlier instars, small in any case, being usually 
computed from that eaten in the next to the last larval instar. The 
excrement and the portions of uneaten leaf were dried before weigh¬ 
ing, to eliminate the error due to partial drying-out which appeared 
in the hornworm experiment. 

Several larvae of Feltia annexa Treitsehe, a common cutworm of 
tobacco in Porto Rico, were used in the first experiment, but only 
one transformed to adult under the abnormal conditions involved. 


Maximum gross 
Weight of larvae 

Weight of food eaten w till e 
under observation 

Excrement 

Dry weight 

Digestibility 
of food 

Fresh 

Diy 

1 ... 

2. 

8 .... 
4 .... 

•S23 * r - 
I 67 * r * 

848 gr 
• »7 gr. 

8.801 gr. 

4 B17 gr. 
5.682 gr. 

(died) 

.VU522 gr 
.841414 gr 
.792844 gr. 

.175 gr. 

« . ‘-58 gr. 

881 gr. j 

1 

80* 

90* 

55* 
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Larva number three transformed to an adalt which weighed (dry) 
.064 gr., and its larva had eaten 3.746 gr. of fresh tobacco leaves* 
•r .5244 gr., dry, or 8.2 times as much as the weight of the adalt. 

A larva of Prodenia sp., another less common cutworm of tobacco 
in Porto Rico, which attained a maximum live weight of 1.7 gr., ate 
6.697 gr. (5.6253 gr. weighed and 1.077 gr. computed) of fresh 
tobacco leaves, or .93758 gr., but died in pupating. Other adults 
(air-dry) weigh about .1 gr., so its relation to food eaten is probably 
very much the same as of FelH a. Also, an approximately equal 
portion of the food which it ate was transformed into insect—55 per 
cent—as of the 5.6253 gr. of food weighed out to it, .36 gr. of dry 
excrement was obtained. The two cutworms were able to digest and 
assimilate 55 to 60 per cent of the tobacco leaves and produce adults 
weighing a little more than one-tenth as much as the food they ate. 
The hornworm caterpillars, which were able to digest only a little 
more than 40 per cent of the tobacco leaves, nevertheless produced 
adults which weighed about one-tenth of that of the food they ate. 

A fresh cotton leaf was given to three larva* of Alabama argillacea 
Hubner which had just molted to the last instar. In three days 
they had consumed practically all of it and spun cocoons to pupate. 
The amount actually eaten, after the weight of the stem and tl* 
fragments had been subtracted, equalled 4.0488. gr., or dry, .971712 
gr. The total net weight of the caterpillars at the beginning of the 
instar was .2436 gr., and at the end .816 gr., a gain of .5724 gr., or 
235 per cent, hut this is only 14.1 per cent of the weight of the food 
eaten. The dry excrement weighed .6448 gr., thus the digestibility 
of the cotton leaf by these caterpillars is less than that of tobacco, 
or 34.7 per cent. The homworma gained approximately 80 per cent 
of their weight in the last instar, but ate 85 per cent of their food 
at this time. The Alabama caterpillars gained 70 per cent of their 
weight in the last instar, and may be presumed to have eaten about 
75 per cent of their food in this instar. On this basis, the total 
food eaten amounted to 1.3 gr. (dry weight) to produce three moths 
whose dry weight was .1025 gr., giving a ratio of moth to food of 
1 to 12.6. The lower digestibility of the cotton leaf by the Alabama 
caterpillars necessitated a greater amount of it to produce a pro¬ 
portionate amount of insect. 

A larva of Laphygma frugiperda S. & A., was able to digest only 
25 per cent of tender corn leaves with which it was fed, and the 
adult (dry) weighed one-twentietli of the dry weight of the food 
that the larva had eaten. Comparing this data with the results ob- 
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tained by Mr. Davis with the armyworms, which were also fed on 
corn, it appears that substantially similar insects feeding on the 
same host require relatively the same amount of food to produce 
adults. 

More extensive experiments with fifteen larvae of Xylomiyes eri- 
tiania Cramer and ten larvae of Bombyx mart Fabricius, fed on the 
leaves of mulberry, with food and larvae weighed after their first 
instar, give somewhat similar results. The caterpillars of the Noctuid, 
Xylomiges, digested 36 per cent of the somewhat dry and fibrous 
leaves of Morns tartarica, and ate 26.4 times as much food as their 
adults weighed. The silkworms digested 41 per cent of the tender 
leaves of Morus alba, and ate 23.8 times as much food as their adults 
weighed. The cocoons produced by ten caterpillars weighed 9.702 
gr., of which the silk was 1.1195 gr.,'or 4.2 per cent of the weight 
of the food eaten. The weight of the moths (air-dry) was .601 gr., 
and of 1392 eggs, computed from that of unhatched eggs of previous 
generations, .599 gr., a total of 1.1 gr., for adults and eggs, or not 
so much as the weight of the silk. The digestibility of mulberry 
leaves by these caterpillars was greater than that of cotton and com, 
but they ate considerably more of them to produce adults. Ap¬ 
parently it is true in only a rather general way that the amount of 
food required by insects is inversely proportional to its digestibility. 

In the following table, the air-dry weight of the food of some 
other insects is compared with the weight of the adult, and the ratio 
between them # given. None of this data is as accurate as might be 
desired, as the weight of all of the insects is plus the weight of food 
and excrement in the alimentary canal, and is not net as was that 
of the liornworm and of some of the other caterpillars. 

The Amount of Food Needed to Produce an Adult Insect 


Insect 


Weight of 
adult 
In grams 


Food or Host 


I JUm eight . 
| in grama j 
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i 

( 
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) muloavt Burra 

006 

i j 4/rubs of Hhytahisapt - 

!i 

.018 

1 1 ralit Blanchard 

i ( Lachnosterna dubia 

i 

I < 


j 8m. 

222 

1 ) Lnchnofiterna fuuca \ 
1 l Fr 4* 1 

I 

010 

i Caterpillars of FvttTa 

1 • 

| \ i cncrabitU Walker 

h 


.I0297 | 17 

02294 I 1 7.38 

I 

.27326 1:9 

1 i V7 

28 l{ 1*8 

03562 i | }|. 

.21 J . 1=9 

.17 l 1:8 

.1178 1.6.2 
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An additional source of error in the above data is that in the case 
of the parasitic insects which suck the juices from their prey, the 
weight of the chinitous exoskeleton of the host, which, strictly speak¬ 
ing, is not eaten, has not been subtracted from the weights given, 
axyl this would give an even lower ratio than is indicated. Thus, 
predaceous insects, which swallow their prey instead of sucking the 
juice out of it, presumably have about the same ratio as iB given for 
the parasites in the table. The phytophagous insects also have about 
the same ratio when the food is leguminous, in which case it is a 
balanced ration, the crude fiber of the plants ingested being the 
equivalent of the indigestible chitin eaten by the predaceous insects. 
In the vegetative portion of non-legumes, the amount of protein 
present is much lower, and greater amounts of such food—roots, 
stems and leaves—must be consumed by the insect. The cell-sap of 
plants may form a perfectly balanced ration for some insects, as is 
indicated by the fact that the excreta of the leafhopper, Kolia similis 
Walker, even when feeding on the young shoots of sugar-cane, is 
clear, colorless, tasteless and devoid of sugar (5). Such an almost 
perfect consumption by an insect of the plant juices on which it 
feeds is due to its active habits. By contrast, the honev-dew excreted 
by aphids and mealybugs is an excess of carbohydrates which caS 
not be assimilated by these sluggish insects because of their very 
rapid growth and lack of muscular activity. 

Animal and plant juices may be almost entirely completely as¬ 
similated by most of the insects feeding on them, and they undoubt¬ 
edly furnish food in its most digestible form. But the digestive 
apparatus of animals feeding on crude fibre is adapted to its diges¬ 
tion. The decaying plant tissue eaten by snails, slugs, millipedes 
and sowbugs, and the cow-dung inhabited by some of these anima ls 
and Elaterid and Threviid lame can be digested by them. One 
thinks of wood as being entirely cellulose, and entirely undigestible, 
yet the termite Cryptotermes brevis Walker, due to the protozoa 
present in its alimentary canal which dissolve the cellulose, can as¬ 
similate over half of some kinds of woods eaten by it. Of other, less 
preferred woods, it assimilates smaller portions (6), but this only 
further serves to illustrate the point that the digestive apparatus of 
animals is usually well adapted to digest the foods which they prefer 
and ordinarily eat. 

The consumption of food by an organism has these purposes: (1) 
maintenance, (2) growth, (3) reproduction and (4) storage for any 
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of the three. Some insects concentrate the consumption of food for 
all of these purposes into the larval period, while many continue 
to eat when adult for maintenance and reproduction, but growth 
for practically all is confined to the larval period. In a general 
way it is known that of the warm-blooded animals, those maturing 
most rapidly obtain a greater adult weight for the food consumed 
than those which mature more slowly, and the smaller animals re¬ 
quire more for maintenance in proportion to their size, while cold¬ 
blooded animals require food for maintenance only in proportion 
to thair size and activity, but like the warm-blooded, inversely in 
proportion to their rate of growth. It is obvious that insects which 
develop slowly, such as white grubs and wireworms which may re¬ 
quire three to five years to become adult in the northern United 
States, eat less per day in proportion to their size, but certainly 
consume more for maintenance because they live so long. Active 
insects with a rapid development, like grasshoppers, eat most per 
day, but make a less advantageous use of their food for growth 
than do other insects with about the same rapidity of development 
that remain quiet and consume "less energy in voluntary activity, such 
as caterpillars. Insects which develop wings and heavy chitinization, 
and with a complete metamorphosis in their development, require 
more food for these structures and for the changes and losses in¬ 
volved in passing thru the pupal period, especially when this is 
protected by an extensive silken cocoon. ■ The cocoons of Tiphia and 
Bombyx weigh Somewhat more than the air-dry weight of the adults, 
and that of Ophion twice as much. 

Two of the factors involved in the most economical use of foods 
for growth by insects have to do with the food, (1) the closeness with 
which it approximates being a balanced ration for supplying the 
needs of the insect, and (2) its digestibility. The others have to do 
with the insect, its rapidity of development, the amount of its ac¬ 
tivity) and the production of wings, scales, wax, heavy chitinization 
and similar structures. 

Honey-dew and the nectar of flowers, altho not used for growth, 
are admirably adapted to the needs of adult insects with a high 
rate of muscular activity, such as butterflies, moths, flies, bees, wasps 
and ants. All of these insects in their larval stage, no matter what 
their food may have been, primarily required from it the proteids 
which were essential to growth. But as adujts, carbohydrates, es- 
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penally if in solution and readily available for assimilation, much 
better meet their needs. Insects whioh are not especially active as 
adults, such as most phytophagous and scavenger beetles, may con* 
tinue to eat the same kind of food that was acceptable to them as 
larvae, for the usually small proteid content of their food is now 
essential for reproduction. Most of the predaceous insects, such as 
dragon flies and the Carabid and Cicindellid beetles, are as active as 
any of those feeding on pure carbohydrates, but swift motility to 
capture their prey is essential, and is maintained despite the high 
proteid content of their food. 

Many insects live for a long time as adults, the eggs of the female 
not maturing for some time after the emergence of the adult from 
the pupal stage. Such insects consume more food for maintenance 
as adults and for reproduction than they did as larvae for growth. 
The clover-leaf beetle as an adult eats 4.76 square inches of leaves 
and “at least an equal amount of stem” (3) for maintenance, 
aestivation and reproduction, as compared with 3.09 square inches 
of leaves eaten by the larva for growth and maintenance. An 
Otiorhynchid beetle, Exophthalmodes roseipes Chevrolet, feeding on 
the leaves of sea-grape, Coccoldba uvifera, which have a digestibility 
of 42.6 per cent for this beetle, ate .399 gr. of the fresh leaf in four 
days, or about the equivalent of its own weight, .0982 gr., per dajl 
However, as its dry weight was only 35.7 per cent of its live weight, 
and that of the tender sea-grape leaf only 19 per cent of the weight 
of fresh leaves, in a month the beetle would eat 16.2 times its 
own dry weight and such beetles in captivity at least, often live 
two or three months. __ The composition of the food, the length 
and activity of the life of the adult, the number and size of the 
eggs laid by the female all affect the amount of food which is con¬ 
sumed by the adult. 

The amount of food required by an animal for growth, mainte¬ 
nance and reproduction varies so greatly and depends on such -a 
large number of factors that for exact results it must be determined 
by direct measurement with individuals of the species concerned. 
But in a rather general way, it may be considered that the following 
classes of animals require approximately the amounts of dry weight 
of food multiplied by their own dry weight as indicated in the fol¬ 
lowing table: 
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INTRODUCTION 

Probably no other Tropical American country possesses so many 
distinct botanical species and subspecies of cultivated food plants 
as Porto Rico; in fact, few countries, even in the Old World, have 
so many—not counting forms and varieties of cereals, rosaceous 
fruits and potatoes. 

Five hundred years ago this Island was perhaps the richest 
locality, except the Central Andean region, in the Western Hemi¬ 
sphere in the way of crop varieties; five thousand years before the 
conquest of the West Indies the aborigines of this country had 
undoubtedly partially domesticated a considerable number of food- 
producing plants and subsisted mainly by their cultivation. 

Very likely many varieties of cassava ( Manihot spp.), yautie 
(Xanthosoma spp.), yam (Dioscorea spp.) and sweet potato-like 
roots ( Ipomcea spp.), utilized by the Arawaks and their forebears, 
had become extinct before the arrival of the Spaniards. 

The U. S. Department of Agriculture, especially in 1915, made 
investigations to determine where the food plants of the Western 
Hemisphere''wiginated, and, so far as possible, which species were 
domesticated W>y the prehistoric races. Briefly, it was found that 
the Central Andean region was for many centuries the center of a 
very artful though not strictly scientific agriculture; there the 
practice of terracing and irrigating small fields under very intensive 
cultivation and, presumably, rotation of crops over very long periods 
was successfully worked out; and there more than 60 and probably 
over 80 distinct species of wild plants were domesticated and used 
(nearly all of them, at least) for food. 

From this old center the trend of plant dispersion was north¬ 
ward along the mountain ranges; some of the plants went up 
through Central America and were probably modified there more or 
less as time went on; in this class should probably be included the 
avocados, the squashes, some of the annonas and Capsicums, cacpo, 
tobacco and perhaps some of the beans. Another dispersal route 
was eastward along the north shore of South ^America, thence along 
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the of islands beginning with Trinidad and ending with 
such plants as the pineapple, the edible canna, the Ariii®sA% Ae 
yuquilla, the jicamas, and probably some of the yams and ysrths 
c am e here rather by this route than through Central America. 

Porto Rico, situated approximately in the middle of the great 
e hajn of islands extending from Yucat&n to Venezuela, might have 
received such plant introductions via either or both of these routes. 

Not only Porto Rico but very probably Hispaniola, Cuba and 
Jamaica were large enough per se to have domesticated a few of 
their own wild plants and to have greatly modified some of those 
arriving from South America. According to archeological evidence 
the aborigines of Porto Rico bad developed a fair degree of basic 
culture and were cultivating quite a number of crop plants con¬ 
temporaneously with the Incas of Peru and other Andean races; 
and it may even be questioned whether the aborigines of Borinquen 
were not as successful in domesticating some of their wild plants as 
were, the races of the Central Andean valleys. 

The Arawaks and their ancestors, however, were not sufficiently 
insulated, as it were: they were continually exposed to the devastat¬ 
ing attacks of their enemies from the South American shores, the 
Caribs and their forerunners As Cook and Payne point out, 
permanency of location and fixed modes of living are indispensable 
to agricultural development and social progress The Andean peo¬ 
ples, through their centuries of undisturbed, but very gradual 
domestication of plants in situ naturally excelled the inhabitants of 
more exposed regions. 

The Carib races, the first recorded cannibals in history, presum¬ 
ably emigrating from some center in northern South America, 
played the part of marauders among the Antilles; possibly they 
brought a few crop plants to the islands but it appears more logical 
to accredit such good work to some earlier peoples. 

As soon as the first Spanish colonists began to arrive, Governors 
made great efforts to introduce promptly those crops which they 
believed would be profitable to grow in Porto Rico, such as Sugar 
Cane, Ginger, Coffee, Tobacco, etc. The Coconut and the Bananas 
and Plantains also were brought in at an early date. Many vege¬ 
tables and fruits came via the Canary Islands, and soon such crops 
as Cacao and the Avocado came over from the Central American 
mainland. 

During the seventeenth and eighteenth centuries there was proba¬ 
bly comparatively little progress in plant introduction work here, 
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M vntfy in the niaeteenth considerable efforts were made to estab¬ 
lish those industries which might produce better revenues for the 
colonists, and in this it seems that Porto Rico shared about equally 
with Cuba and Hispaniola. 

Hi 1890 there were established by Royal Decree of 1888 two 
Agricultural Experiment Stations; one occupied the present site 
of the Federal Experiment Station and was abandoned after several 
years of desultory operations; the other was started on a tract 
between Bayamdn and Rio Piedras; these Spanish Stations did 
some good work with the major crops, but their funds were entirely 
inadequate for complete success. 

In September 1901 the U. S. Department of Agriculture estab¬ 
lished an Experiment Station in Rio Piedras but the area was much 
too small for permanent location and in the spring of 1902 a tract 
was selected near the town of Mayigiiez. During several years fol¬ 
lowing 1902 a very large number pf economic plants was introduced, 
mostly from the U. S. Department of Agriculture, and numerous 
exchanges were instituted with botanic gardens and experiment sta¬ 
tions throughout the Tropigt,; in that way some 300 varieties of 
fruits, root crops, and vegetables were brought in and planted out. 
In 1903 a Coffee Sub-Station (La Carmelita) was established in the 
hills above Ponce, and there a great collection of coffees was amassed; 
but about 1910 the work was centralized at Mayagiiez. 

In 1910 the cane planters of the Island organized and established 
an Experiment Station at Rio Piedras; this was taken over in 1914 
by the Board of Commissioners of Agriculture; with the creation 
(by the Jones Act) of the Department of Agriculture and Labor 
of the Insular Government of Porto Rico, in 1917, the Experiment 
Station in now known as the Insular Experiment Station; it has 
been of considerable importance in plant introduction work, especially 
as regards sugar cane, avocados, grapes and bush berries. 

In October, 1923 the Plant Propagation Station at Trujillo began 
operations and by the end of 1924 a considerable quantity of eco¬ 
nomic plants had begun to go out to the Model Farms and to the 
Agricultural Agents and farmers throughout the Island. During 
1924 (calendar year) seven Model'Farms were established; the 
foundations for breeding work have been laid and in the near 
future these Farms can he expected to become centers for food-plant 
distributions. 

The purpose of this Bulletin is twofold: 

First, to show the present economic status of every species of 
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any considerable importance either as forage or foot Ueea*»d, to 
give the origin of each species—both its original habitat and tin 
country from ■which it was received into Porto Rico—end so Car 
as possible, the approximate date of its arrival. 

Soon after the American occupation a survey of the economic 
plants of the Island was made by O. P. Cook and <3k N. OoUins 
with the assistance of several other federal officers, and a bulletin* 
wes issued which included all the known varieties of timber and 
forest trees as well as the edible fruits and the forage plants of the 
Island. 

“The Botany of Porto Rico and the Virgin Islands”, by Britton 
and Wilson, published by the New Tork Academy of Sciences as a 
part of that institution’s “Scientific Survey of Porto Rico and the 
Virgin Islands”, has been used as the basis of this list and its 
nomenclature has been closely followed with only one or two excep¬ 
tions. The approximate percentage of indigenous species, as evi¬ 
denced by the said “Botany of Porto Rico and the Virgin islands”, 
appears to be about 20 per cent. This is in line with the theory 
that Porto Rico has long been one of the most striking examples 
of a highly cultivated agricultural country into which economic 
plants have been brought from many other countries. 

Obviously this is not a report upon Porto Rico’s food-plant fla|p 
but merely a record of what is here and, so far as data are available 
from whence and when each species came. Of some horticultural 
groups, such as the beans, the cottons and the seasoning herbs there 
is a deplorable dearth of data; bnt such crops as the avocados, 
mangos, yams, y&utias and coffees have been given special attention 
and it is hoped that the list of these crop varieties may serve as a 
standard for future reference. 

Two special words to meet the exigency of this record have been 
brought in: oormel, the specialized horizontal rhizome attached to 
the central rootstock of yautlas, dasheens, etc., %. e., small com, 
and fecula, the starchy substance which fills roots, tubers, etc.—on s 
par with the pulp of fruits: since there is no word for this in 
English, the Spanish word (which applies particularly to the dried 
substance of roots and starchy fruits) has been appropriated. 

At present 496 species of food plants are in evidence in the 
Island. Of these, nearly, 225 fruits • appear, of which 60 may be 
considered as first class. The true vegetables are rather few, only 

* “Economic Plants of Porto Rico”, by O. F. Cook and N. OolUna; 1904; pub. 
by the Smithsonian Institution, U. 8. Nat. Hus. as contribution from the U. 8. Nat Her¬ 
barium, Vol 8, No 2 



INTRODUCTION 


66 


80 species; bat the root crops are rather numerous (88) ; of seed 
cro p s there are 28 species and sub-species; and of salad plants there 
axe 21. Fongs plants, not including pasture grasses, amount to 43 
species. The Island is well supplied with seasoning herbs—to the 
extent of 46 species. And there are at least 75 plants which do not 
correctly fall into any of the aforesaid groups. 

'While it must be admitted that this is a very respectable quota 
for a country no larger (only 3,435 square miles) than Porto Rico, 
it really is only about one-half of what it easily might be. For in¬ 
stance, there are today available in the Philippine Islands 175 species 
of fruits, which, so far as we are aware have never reached these 
shores. Besides these species there are varieties which in pomology 
and olericulture are just as distinct as the botanical species: another 
200 or 300 varieties of citrus fruits, mangos, bananas, plantains, 
etc., which could and should be introduced at once. Our quota of 
mangos and avocados is a matter of great credit, but in the line 
of citrus fruits the Island is far behind its due quota. 

No attempt has been made to give detailed suggestions regarding 
the propagation or uses of the 700 or more varieties listed in the 
following pages; however, effort has been made to awaken interest 
in certain food plants which most certainly deserve better attention, 
and to make the text readable for the layman. 

Unfortunately no good photographs are available to illustrate the 
most interesting indigenous, not to say endemic, food plants of the 
Island. 

In all wwks of this kind errors are bound to creep in. More¬ 
over, the omission of certain species which, to some individuals 
perhaps, will appear ill-advised has been allowed, while certain 
other plants which, from some points of view, should hardly appear 
in a work of this kind, are included. 

Assistance in revising parts of the text and the nomenclature 
has very kindly been given by Dr. N. L. Britton, Director of the 
New Tork Botanical Gardens, and the prime mover in the “Scientific 
Survey of Porto Rico and the Virgin Islands”. Mr. C. A. Figueroa, 
Assistant Agricultural Advisor of the Department of Agriculture 
and Labor, has furnished data on Sugar Cane and the dates for some 
of the early introductions. Mr. T. B. McClelland, Horticulturist of 
the U. S. Experiment Station, has also rendered assistance. 
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AOB1TUNA; Oliva; Olea europea L. 

This very important European fruit was introduced by the 
Spaniards in the early days of the Colony but did not succeed. At 
present only a few specimens are in evidence at tbe U. S. Experi¬ 
ment Station. Whereas this species might be grown with some suc¬ 
cess on the higher and drier districts, it is of course useless to 
consider it as a food crop of the Island. Probably some of the 
largest specimens of the species (1.5 m. or more in diameter) are 
still in evidence in Central Mexico and while it has been fruited 
at sea level in the tropics (in the Jamaica Botanic Gardens) it 
always has’ been an extra-tropical species. 

ACBLGA; Chard, or Leaf-Boot; Beta vulgarit vw, Ciota (I*) Moq. 

This first-class European salad vegetable succeeds well; two or 
three varieties are becoming fairly common. 

ACHZOOBIA; Chicory, Succory; CieborUm Intybue h. 

A rather rare old European kitchen vegetable occasionally planted 
in the interior of the Island; apparently not adaptable to the 
warmer regions of the coast 
AOHXOTB, Achote; Annatto; Bixa Orellana L. 

This very important shrub or small tree, native to Tropical 
America, is $dw naturalized and cultivated throughout the Tropics 
of both Hemispheres; while usually it begins to bear at the height 
of 2 m., it occasionally reaches 9 m. It is one of the commonest 
of the so-called minor crops in Porto Rico. The following 5 va¬ 
rieties are recognized', and their coloring-material percentages are 
as follows: 

Peldn_6.80% to 8.78% 

Colorado— 7.96% 

Amarillo— 6.69% 

Blanco — 5.80% 

Negro 

The last is of too little value to pay for collection although it 
is, sometimes used to adulterate the better varieties. At the Trujillo 
Plant Propagation Station hundreds of plants of the better va¬ 
rieties have been propagated for general distribution, and in many 
instances the Agricultural Agents have obtained large quantities of 
selected seed from certain districts famous fof their excellent prod- 

47 
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net; in the near future the results of these plaatiacs *91 bfe 
parent Fortunately, during the past two years the price of Aohioto 
has been very high in the m ainl a n d , due to interstate laws which 
prohibit the sale or transportation of certain dairy produets if 
colored with chemical dyes, thus obliging certain producers to use 
vegetable coloring materials instead of cheaper chemical*. 

The total production of Porto Rico today is probably in the 
neighborhood of 150 tons per annum. Weekly shipments in season 
(January to April) may amount to over 41,000 pounds. 

Selective breeding experiments have been started at the Trujillo 
Plant Propagation Station and the Model Farms with the purpose- 
of eventually securing extra-high-grade varieties, which will bring 
an extra price on the mainland market. At present, there is no¬ 
export of the paste which is made by boiling the seeds and drying- 
the separated powdery aril in sheets or cakes. 

Really enormous quantities of Achiote are consumed locally; 
almost every plate of rice (say, 1,000,000 per day) and many other 
dishes such as beans, stews, soups, etc., eaten in the Island are 
colored with Achiote. 

AOTXtflDIA; Tsng-Tao; Aettmdta arguta Miq. 

An interesting fruit vine recently introduced from the mainland ; 
habitat, eastern Asia. The fruits are about 3 mm. in diameter, 
roundish, greenish yellow and very sweet, with a peculiar perfume. 

ADIiAT; Coice Laohryma-Jobi L. v&r. Moyne* Bt&pf. 

Six varieties of this common Philippine crop were introduced in 
1028 through the Plant Propagation Station at Trujillo Alto. Four 
of these forms made a phenomenal growth; in some instances one 
seed produced a “oepa ” of some 50 or more suckers, most of whieh 
attained a height of 1.5-2 m. with > many culms bearing heavy 
“heads” of large seeds with only a moderately hard “shell”. These 
seeds are good poultry feed, better if cracked. Bread can be made 
from Adlay flour with one-third to one-half wheat flour added. 
The yield of grain, under good conditions, is heavy; and according 
to P. J. Wester, Agricultural Advisor of the Philippine Bureau of 
Agriculture, it is a promising grain for the Tropics, he records 
yields of 1,634 to 3,625 kilos of grain per hectare. 

AOCAOATX. See Ooyo. 

AOUAOATB SB CARACAS; Caracas Avocado; Perua tp. 

Perhaps the rarest of all the known Avocados. Four seeds were 
obtained in Caracas, Venezuela, in November, 1924, and planted at 
the Trujillo Plant Propagation Station. 
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'fruit, of medium size, flavor, and apparent value is very 
d tatfnct as to &ape; the distal end, rounded in all other species, 
is pMkmsed into a tapering short beak; the “neck”, too, is different 
in that it is rather strongly curved and its basal portion is larger 
(in diameter) than the middle part. 

This has been described, according to Dr. H. Pittier, of the 
Hnseo Comercial of Caracas, as a new species. 

ASOiOAIB OS OtTATBMATiA; Chutemalaa Avocado; * Persea Pertea (L.) 

OockereU. 

This race is practically a sub-species and is distinguished from 
the West Indian race by the thick rind of the fruits, and while the 
foliage lacks the anise-like odor of the Mexican species the young 
leaves are usually deeper colored (reddish) than those of the West 
Indian type. The fruits, with their firm thick peels, will undoubtly 
stand long shipment better than the ordinary West Indian varieties; 
their color ranges from light green to purplish black; the surface 
is often rough, which is a disadvantage in the retail trade. 

The following varieties have been introduced, partly at the U. S. 
Experiment Station at MayagOez and partly at the Inanlar Experi¬ 
ment Station at Rio Piedras: 

Blakeman. Originated at Hollywood, California, in 1912; 
skin thick and woody, granular. Dark green with numerous 
yellowish or reddish brown dots. Pulp rich and pleasant 
and of high quality. 

Dickinson. Originated at Los Angeles, California, in 1912. 
Skin Aery thick and brittle but separating readily from the 
flesh; dark purple with irregular maroon dots. Pulp but¬ 
tery, 4 >t pleasant flavor. 

Lyon. Originated at Hollywood, California, in 1911; pear- 
shaped, sometimes with a short “neck”; weight 400-600 
grams ; skin rough or undulating, green with yellowish or 
brownish dots, moderately thick, granular; flesh smooth, 
firm, light colored, fiberless, unusually rich. 

Skarplesg. Originated near Santa Ana, California, first prop¬ 
agated in 1913; shape pyriform, sometimes with quite 
a long “neck”; size large to very large (460-700 grams); 
akin slightly roughened or pitted, glossy greenish purple to 
deep purple, with numerous yellow dots; skin thick, fre¬ 
quently granular, or even woody; pulp smooth, firm, fiber- 
leas, of excellent quality. 

Solano. Originated at Hollywood, California, first propagated 
in 1912; shape oval or obovate, size medium to large; skin 
nearly smooth, glossy, bright green with numerous ydlow- 

Th* eomet a mm for thu fruit ii 0 (in the Quekchi lfafnage), On (Iftya difleete), 
or Oj (pronounced Okh) in Guatemala 
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ish dots; skin moderately thick; polo smooth, yellowish 
green, flberlese. Quality not so good as most of the ether 
Guatemalans but the tree is quite productive and the season 
—March to May—in California, and October to November 
in Florida—which means that it will probably be a winter 
bearer in Porto Rico. 

Spinks. Originated at Duarte, California, in 1915; shape 
regular; size extremely large (500-1,000 grams); skin thick 
and woody, dark purple; pulp firm, smooth, rich, yellow, 
fiberless and of excellent flavor. 

Taft. Originated at Orange, California, in 1912; shape reg¬ 
ular, with short “neck”; skin thick but not brittle, deep 
green with yellowish dots; flesh firm, light yellow, fiberless, 
unusually rich and pleasant. 

Taylor. Originated at Miami, Florida, in 1914; shape pyri¬ 
form to obovate; skin moderately thick, granular, dull 
'green with yellowish dots; pulp firm, fiberless, of good 
quality. 

Akbal. Elongated to slender pyriform, sometimes curved, 
size medium; surface quite smooth, bright green; skin very 
thin, firm; flavor nutty, good. 

Beitik. Obovoid or broad pyriform, very large; skin pebbled, 
deep purplish maroon, thin, pliable; pulp of excellent 
flavor. 

Cdbnal. Quite round, medium-sized; surface pebbled, dull 
green; s k in thick, woody; nutty flavor, fairly dry. 

Cantel. Oblate, medium-sized; deep yellow green with yel¬ 
lowish dots; skin medium; seed very small. 

Cohan. Pyriform or obovoid, above medium size; skin nearly 
smooth, deep green with few small yellowish dots; excel¬ 
lent, rich flavor. , 

Collins. Small, rough fruit, pyriform, dark green; of Floridan 
origin. 

Chabil. Round, smallish; surface smooth, deep dull purple, 
with four large yellowish dots; skin thick, unusually woody; 
pulp slightly fibrous, flavor nutty. 

Challenge. Nearly round, good size; rough surface, skin 
granular, dark purple; seed large, tight in cavity; origi¬ 
nated in Hollywood, California. 

Chisoy. Roundish, large; skin pebbled, yellowish or dark 
green, dotted yellow; very oily, pleasant flavor. 

Orande. Oblong, large; skin thick, leathery, dark purple. 
From Puebla, Mexico, via California. 

Ishim .—Pyriform or oblate, below medium in size; surface 
smooth or pitted, dark maroon-purple; skin thin, tender. 

Ishkdl. Small, nearly round; skin rough; thick, purple with 
few large yellowish dots. 

Itsama. Pear-shaped; surface pebbled, skin glossy green; 
very late. 
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Kanon. Hound large; surface pebbled, bright green with 
lew large yellowish dots; skin medium, brittle; quality 
good. 

Kanola. Roundish, small, deep purple with small yellowish 
spots; flavor oily; skin 3 mm. thick. 

KasJdan. Oval, very large (0.6 kilo or more); skin deep 
green with numerous large yellow dots. 

Kayab. Obliquely spherical, medium to very large; surface 
pebbled, deep or yellowish green; skin thick, hard and 
woody. 

Kekcki. Pyriform or obovoid, small; surface rough, deep 
dull purple maroon with few small brownish dots; skin 
thick, woody, few fibers. 

Knight. Bound, of good size; skin rough, green, woody; 
flesh with a nutty flavor, carrying 20 to 25 per cent of oil. 

Lamat. Oval, medium to large, deep green with a few yellow¬ 
ish fereen dots; rich flavor. 

Linda. Round, large; skin" rough, purple, woody; pulp 
rather dry with only 13 to 16 per cent of oil, fiberless. 

Manik. Oval to elliptic-pyriform, about medium in size; 
surface bright green; skin medium, hard; flesh, rich, un¬ 
usually dry 

Mayapan Round, medium-sized; surface decidedly rough, 
greenish purple to dull purple with many large yellowish 
dots; sk : n very thick (5 mm. near the base) and granular; 
quality excellent. 

McDonald. Medium-sized, round, dark mahogany color; orig¬ 
inated in Hawaii. 

Ndbal. Round, below medium in size; skin pebbled, rough, 
du)l green. 

NimUUt. Broadly oval, one of the largest (1-2 kilos); skin 
penoled, deep green with many large irregular yellowish 
dots; excellent flavor. 

Panchoy. Round or obovoid, medium to large; surface hcavilj 
pebbled, green with yellowish dots; one of the very best 
sorts. 

PanJeay. Pear-shaped, long, medium-sized; skin smooth, light 
green. 

Queen. Oblong-pyriform, good size; skin rough, deep purple, 
thick; flesh excellent, not very oily. 

Schmidt. Pear-shaped, large; skin fairly smooth, green; late. 

Tertoh. Oblong to slender pyriform, extremely large (1 kilo 
or more); length up to 20 cm.; surface smooth, deep dull 
purple with russet dots and patches; skin medium, woody; 
seed very small. ‘ , 

A0XJAOATB HXBBXDO; Hybrid Avocado; Perse a drymifoha X Persea Persea. 

Thus far the principal hybrid in cultivation is known .£b the 
Puerto and this bids fair to be one of the igpst popular varieties of 
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Avocado in the Island; one plantation near IftBalt* has already 
many Fuerte trees in bearing and many are being prepagated in 
nurseries. 

The fruit is pyriform, with no “neck", or oblong; aim medium 
to large (800-500 grama); surface decidedly rough, sometimes 
wrinkled, dull green with numerous small dots, about 1 mm. thick, 
separating from the flesh, and leathery. This fruit is probably one 
of the richest fruits in the world in fat content; some fruits analyse 
as high as 80 per cent, yet the flavor is not seriously affected by this 
exceedingly high percentage of oil 

Winslow ton. This is a seedling from the Winslow "which 
appears to have been hybridized with a West Indian va¬ 
riety, as it more resembles Trapp than it does Window." 
Fruit immense (1 k. or more), round, dark green, very 
shiny. Season November-December. Said to be prolific 
and a precocious bearer. 

AOUACATE BE LAS ENBZAS OOOXDBVTALBS; Wsefc Indian Avocado; 

Pertea Penea (L.) Cockerell 

The varieties of the so-called "native” Avocados of Pqrto Rico 
are descendants almost entirely of the trees brought to the Antilles 
from Central America or Mexico. They resemble the Guatemalan 
race, but the young leaves usually are not reddish and the rind of 
the fruit is leathery and thin instead of thick and woody. 

While it must be considered as one of the most important fowl 
fruits of the Island it is very rarely planted in orchards. The 1920 
census indicated that approximately 161,000 "native” trees are in 
evidence here; only 95,000 of these were "in bearing”. Several 
nurseries for the propagation of budded varieties have been estab¬ 
lished in or near the Bayam6n district, the actual number of Avocado 
trees here now is probably not less than 200,000 and may exceed 
250^000. Thousands of seedlings have been raised for stocks, mostly 
at the Trujillo Plant Propagation Station, bat also at the Model 
Farms and the Rio Piedras Experiment Station; in well-cared-for 
rows a good seed will produce a 3- to 5-meter stock in about 12 
months. 

Practically all the "native” varieties here have a green akin 
and more or less "neck”; the pulp is nearly or quite fiberless; the 
seed is variable. The oil content is moderate—from 10 to 20 per 
cant Oil made at the By-Products Plant in Mayagfiez, by first 
dehydrating the nearly "mellow” ripe pulp and than pressing, has 
a very strung, dry (tie) taste; and the "cake” (after expressing 
the oil) at the said Plant appears to be exceedingly nutritions. 
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*4 feri fl iiori disc mtA* at the said pint from the sliced, dried, 
end jgttwnd «oeds has been used with good results at the Model 
Fsza* and Trujillo Plant Propagation Station; this could probably 
be used as a goat feed. 

Over 150 barrels of seeds for nurseries in Florida were exported 
in 1981 Practically no fruits have been exported thus far; the 
thin peel of the “native” fruit is too easily damaged en route. 
Orchards containing West Indian, Mexican, Guatemalan, and Hy¬ 
brid type trees are in evidence at Villalba, Garrochales, Trujillo, 
and Bayamdn. 

Hayman. One of the few “native” sorts which seem worthy 
of a name; fruit large, roundish; from a Mayagiiez tree. 

Pollock. An extremely large fruit (weight commonly 0.75-1 
kilo, but occasionally attaining 1.5 k.), smooth-skinned, 
light yellowish or green, fiberleas; flavor rich, very pleasant, 
rather dry; originated at Miami, Florida, and first propa¬ 
gated in 1901. 

Trwpp. This very interesting and quite distinct variety origi¬ 
nated at Coconut Grove, Florida, in 1901; of very unusual 
shape (roundish oblato); size large to very large (400-600 
grams; surface nearly smooth, pale yellow green with 
numerous yellowish'dots; one of the latest-bearing avocados 
known—fruits frequently remaining on the tree until Feb¬ 
ruary or even March. Should, perhaps, be separated as a 
sub-species. 

Waldin. A new Avocado originating at Homestead, Florida, 
in 1915; size large to very large (weight 400-700 grams); 
shqpe oblong to nearly pear-shaped; skin smooth, tough, 
witmmt markings; flavor rich, with very little fiber; season 
Octroer to January. 

AQUAGATE OS MBXXOO; Mex i can Avocado; Penea drymfolia Cham, and 

ScMecht. 

This species is readily distinguished from the West Indian and 
Guatemalan types by the peculiar odor of its leaves which remind 
one of anise when they are bruised; the skin, moreover, is compara¬ 
tively very thin, in some races being almost papery and never ex¬ 
ceeds 1.5 mm.; there are also peculiarities in the flowering and 
fruiting habits of this species. 

Their cultivation here, whieh was begun several years ago, will 
probably result in the extension of the fruit shipping season; this 
speeies therefore, in connection with the Guatemalan race of the 
common West Indian species, and the hybrids between these two or 
three groups should theoretically carry the crop season over nine if 
not eleven months of the year. 
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The following varieties have been introduced at the Bfa Piedras 
Experiment Station and the Trujillo Plant Propagation Stations 

CM tfried. One of the largest of this type; pear-shaped, 
purplish black; skin peels readily; pulp nearly fiberiess, 
of good flavor. 

Northrop. Originated near Santa Ana, California, in 1911; 
shape regular, sometimes "necked”, very small (150-250 
grams); skin smooth, very glossy, deep purple, membrane 
adhering close to the flesh; pulp buttery, fiberiess, of good 
quality. 

Puebla. Originated at Atlixoo, Mexico, propagated in 1911 
in California; shape regular, size rather small 250-300 
grams; skin smooth, glossy, dark maroon purple with 
numerous reddish dots, fairly thin Imt removable from the 
flesh, pulp yellow, buttery, of a distinctly nutty flavor 
and high quality 

AJX OABAXJUBBO; Devil Pepper; Capttnm annuum L. 

Very common, semi-cultivated variety producing over a long 
period, extremely pungent, minute fruits from 5-8 mm in diameter, 
conical or roundish Plant 1-1.5 m Ripe fruits dark red; used 
generally while green. 

AJl 00108; Sweet Pepper; Captieu m annuum van. 

An undetermined race having wrinkled, nearly globular, sweet, 
mildly aromatic fruits about 1.5-2 cm in diameter, is common in 
some districts; 3 forms of this were brought from St. Thomas in 
March, 1924. This appears to be the best sort for pickling, and 
could be exported fresh or dried if a market were opened. A rare 
long-conical form with a white or flesh-colored skin is in evidence 
at Trujillo Plant Propagation Station; origin unknown 

A tl OIAXSI; Bed Pepper, Chilli, Long Cayenne; Cajunrum annuum L. rar 
acuminatum Fingh. 

A very common old race of Peppers, widely cultivated throughout 
the Island. The true type of this liotanical variety lias long red 
Traits curved at the tip and very "hot”. A similar variety, longmn 
Send!, has large leaves and fruits (of several colors); another, 
fctficulatum Irish, bears the red fruits in clusters 

Most forms of these races succeed well here. Their culinary uses 
are more restricted here than in Mexico and Central America. 

An PB QPB80; Tabasco, or Short OAjponno Poppor; Capsicum annuum L var. 
conoides Irish. 

The smaller varieties of these Cayennes are semi-cultivated on a 
very small scale, but are widely known. The intensely hot red 
fruits are erect, 1.5-2.5 cm. long, and nearly cylindrical. 



& rftifhnr variety, aeratffom* Irish, him very small (8-4 'nib.) 
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Both these races are Used in making “pepper sauces’’ with vinfe- 
gtdr am) in seasoning soups, meats, ete. 

AJO; Qutte; JLUmm tatimm L. 

A'fairly common vegetable, 38-80 cm. The domestic bulbs are 
from one-fourth to one-half the siae of the imported (ex 8. Europe) 
article, but command a fair price in the local markets. 

Native of Southern Europe. 

AIOOTUU; Bonne, Bene; Setamun oriental* L. 

This fairly common crop, native to the Old World Tropica, 
is cultivated in various areas of the interior but always on a small 
cede and the grain is only used for local consumption. Only one 
variety is in evidence; 1-1.25 m. The seed is used in various dulees, 
horchatas, and even raw. 

AXBB; Bltghta sapvia Koen. 

Several mature trees of this African species are in evidence here 
and seedlings are being propagated as rapidly as possible. The 
fruits appear to be as large or larger here than in Jamaica or any 
of the other West Indian countries The fruit is quite unknown 
to the agriculturists thus far. Introduced about 1904. 

AXAAHACA DB LXMON; Basil; Oemum Banltcum L. 

This <8d culinary herb of uncertain origin endures ordinary 
situations well; 20-40 cm Not commonly cultivated as an aromatic 
condiment but it deserves a place m every garden 

ALCACHOFA; French Artichoke; Cynaia Scolyrmt L. 

This old European vegetable of uncertain origin has been oc¬ 
casionally cultivated in several gardens here but it is not on the 
market. Since two years are required for the full development of 
the plants, there is a small chance for the snceessfhl enltivation of 
this excellent vegetable here 

ABO AOHO FA; JenaalMt Artichoke, CHrasola; BUantim* L. 

This very interesting and potentially important root crop tfp § 
long cultivated by the Indikn races of Gsnada and the ^fcntoal 
United States. Whether there were distinct varieties of this agosha 
in pre-Columbian days is not quite certain but there is np dbufcfc 
that two or three similar species (especially E. gi&mtnu la) were 
used for food by the aborigines of the said rc gfrs u probably for 
centuries before the arrival of the European coifcfcfets. a w mu 
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jsehar tmr ir five d kt in o t t i ri a tiai «■> trrnhiMr a «a «wf jtftflfea 
0*3 *p*Oi of tMf varies. In Egypt ttlwlMf Wo grip* #J» 
gpgg in tou t sections wte tbo bum of TopiosOtWg& It 
«W iHwinf throat the U. a Experiment Station at 
In EM hot does not seem to here become thoroughly aedfcnsted at 
that tten In 1928 it erae again introduced at the TrujiHe Fftat 
ferijttgatioa Station; the first crop, without being thoroughly noted, 
was immediately planted in the same plats, and the second crop 
gave qphndid plants from 2-8 m. in height some of the “hSUe” 
fielding as much as 8 kilos of tubers. The avenge yield per hill 
is perhaps lea than 2 kilos. 

•Orders are coming in from farmers who have seen this crop 
growing on the Model Farms and it is hoped that in the near 
future this will be one of the commonest crops on the email farms. 

The mail sterna, leaves and flowers are excellent forage for 
domesticated animals while the very sweet tubers are excellent for 
pigs and cattle. Recently sugar has been made from the tubers 
wl|ich contain about 18 per cent of inulin and sugars, instead of 
starch; this inulin k easily changed into levulose and by a new 
process with ljme compounds a calcium levulate is formed which 
can be reduced to levulose crystalIt. Therefore, if a crop of 1,000 
bushels per sere (which seems to be quite possible) coo be produced, 
the amount of sugar obtainable from one acre of Giraaole may com¬ 
pare very favorably with the amount obtainable from sugar cane 

ALCAOBOFA DHL JAPOtf; Olunogi, (Mam or Ja pa a m o A rtMWtt; SUu-ky* 

Mutbohh Miq. 

Recently introduced through the Trujillo Plant Propagation 
'Station from Japan vw France Tubers about one-fourth to one- 
sixth the sise of the “Jerusalem” Artichoke. Presumably adapted 
to loose soils at moderate elevations 

AMAkAVBA; Ottawa?; Comm oanti L. 

This European herb is adapted to the higher districts; it seeds 
at Trujillo but does not endure well the droughts The Whole- 
someness of Its leaves, roots, and seeds, as aromatic condiments, en¬ 
titles it to a plane in every kitchen garden. 

AMtAlFA; UMotgotaiW L. 

This strictly temperate European forage plant does act endure 
this climate well. In limey soil it sometimes reaches a height of 
1 m. and domra hut does not form thick stools. Its culture should 
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gfllfnftli ltm* sw <; 4I HN> M h W J Mmeta b u (L.) Cook * OoBtto. 

A ndhe* tin ve g et a ble, sometimes cultivated for tbs Mods which 
bass s strong odor of mash. 

ITflOmWO, iNarXndtM lomt; ttyimnwa Courbaril, L. 

Native tree, 10-20 m. Never cultivated, bat common. Bleary 
aril surrounding the large seeds is malodorous but edible and ap¬ 
parently fttite wholesome. Very common in markets. 


AXMtoQW; qu m 

The cottons of Porto Rico require careful study. Their multiple 
origin and the three or four centuries of inter-breeding have tended 
to “mend out’' many of the original specific characters. 

The AroWaks had Cotton, probably in several varieties, under at 
least partial cultivation. Spain not only gave her own varieties 
and thoee of the Canary Islands bat brought hither ttitf'^NMl&aa 
end probably the Peruvian and other Central AmeriOtot, 't8*uth 
American, and Antillean varieties; the slave ships brought over 
varieties from West Africa; and finally some of the United States 
varieties arrived. Large lots of seed from St. Kitts and Antigua 
have recently been imported for the long-staple “Sea Island” 
planters. 


ALOODOH SB BARBADOS; Sea Maud Cotton; Gonypivm Barbadente L. 

This probably indigenous shrub is rapidly becoming one of the 
principal ecops of the Island; the present production is about 
1,500 to 2,0m) tons of seed cotton; some considerable percentage is 
damaged by contact (hybridizing) with short-staple “native” cot¬ 
tons. The principal districts are the northwest, the southwest 
coastal plain and scattered areas over the north central and southern 
districts. There are few large fields, one or two acres probably 
being the average. 

One cottonseed oil-factory was started in 1923 and this plant 
has consumed practically every pound of seed since its opening, 
whereas previously the Porto Bican cottonseed was exported in 
British West India Islands and to European countries. * 

The ml is not used here human consumption; the meal 
produced at the seed plant is sold both as a cattle feed and feltiUaer 
but in tiie future it is expected that most of the meal will be turned 


into dairy feeds. Several hundred tons of m< 
Venemela and about the same quantity from 


4 0 P 0 * a ML raw; Mnta OHM; Gmm 

A small rare eotton formerly cultivated 
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Almoixnr DS pototo woo; Porto Emm octtaa. Pty* 

ptom firpmucani Poir. „ ' ’ 

This very rare species is never cultivated as s food plant .hot 
it has some points which might make its extensive culture of advan¬ 
tage: it attains a height of 6 meters. Absolutely perennial and 
produces a heavy crop of large smooth seeds. 


ALOODOH mi smear; Kidney cotton; Gettyptm brasMen— Maefad. 

A small rare short-staple variety of cotton; according to Britton 
ft Wilson, “spontaneous after cultivation”. The seeds are easily 
separated from the bright white fiber. 


AL8OD0W 8XLVB8TBE; Wild Cotton; Oornypimm Mm turn L. 

A shrub or small tree 2-4 m.; seed very “fumy”. According 
to Britton ft Wilson, “spontaneous after cultivation”. 


SUBKDBQJO; Wild Plum; Lmuroceramu ooctdentaUt (Swart*.) Boom. 

Wild tree, 10-18 m., in moist forests; fruits 2-2.5 cm. long. 
Valued for its excellent timber. 


AUONDIO; Tropical Almond; Termwalta oatappa L. 

One of the commonest shade trees in Porto Bico; 6-20 m. 
This species is almost deciduous though some trees remain leafless 
but 2 or 8 weeks. The nut is of very little value, though frequently 
eaten by children. The pulp of the thoroughly ripe fruit, although 
very astringent, is also eaten by children. The fibrous cover of the 
kernel militates against the use of the nut commonly. Practically 
no variation occurs here; some fruits are much redder than others 
but this is undoubtedly a non-specific character 
AXASPXOB. See Plmisuta. 

AlOCABI A . Hoe Panama. 

AMATUMtMIUT. Tnngnln; Natal Plum; Ardmna grand*fon K Meyer. 

A first-class fruit shrub, 2-6 m.; introduced some 25 yean ago; 
from South Africa. The elliptic or ovoid, pointed, dark red fruit, 
8-6 cm. long, with white or red-streaked pulp is used like straw¬ 
berries, fresh or cooked. Distributing by the Department. Probably 
exportable. 

dElP WWXn, Tnngnln; Hatal Clam; ArJmna biipmota (L.) Deaf. 

• 'Very Similar to the larger Arduina grandtjlora, but distinguished 
by its email flowers and small roundish fruits; introduced about 
1868 from South Africa, via IT. S. Department of Agriculture. 
AHiaU; Anncna tmepaUnws Pen. 

Baoently introduced third-claas West African fruit tree, 8-10 m. 
At Bsperiment Station at Rio Piedraa. 
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AXIS;. Atom; FtmpMla Animm L. 

Tldi old Levantine culinary herb is rarely grown though it 
endures the climate very well. The name is applied also to several 
other aromatic herbs. 

AVI** See Ante. 

AMKAtyo. See Aehiote. 

Am; •esarawte; Sweetaop; Annona tqwmota L. 

pirst-class fruit tree, 3-6 m.; cultivated in all districts but not 
so common as in other West Indian countries; main crop, September 
to Mey. Slight individual tree variation, but no distinct varieties 
recognized by name. Used only as fresh, dessert fruit; unsuited 
for export. Probably native; aboriginal name, Hanon. 

AWOMANO; Phlttpylii* Warn; Cordia blaneoi. 

Recently introduced second-class fruit tree from the Philippines 
at the U. S. Experiment Station. 

APXO; Celery; Apmm grawolen I L. 

A difficult vegetable for tropical olericulturists; it grows fairly 
well here in the wet season, especially in ihe higher districts, but 
blanching is seldbm successful. * 

APIO. See Arrscscba. 

APIO-NABQ; Oelerlac; Apium garveolent DC. var. rapacevm DC. 

Like cel^y, this plant does best in cool, moist regions; it rapidly 
grown the root has little or no fiber and no bitter taste. Should be 
grown more extensively. 

APPLE. See Manx ana. 

APBICOT, Santo Domingan. See Mamoy. 

AXBACACHA ; Apio; Arracaota xanthorrMta, Bauer. 

A first-class vegetable fairly common on the north side of the 
Island. Probably introduced in pre-Columbian times from Vene¬ 
zuela. It succeeds best in the moist rich limey soil of the hills. 
Probably never flowers here; propagated with offsets from the old 
root-cluster. Especially good in stews and soups; served alone, 
boiled or fried, its strong flavor (resembling that of celery, parsnip, 
caVrot, and squash) is rather too rich for most palates; odor rather 
unpleasant. Old roots may be left in the ground for years, pfftfeng 
being broken off as required at any season of the year—an" advan¬ 
tage possessed by extremely few vegetables. * Worthy of much UMTS 
extended cultivation; unfortunately, few people seem to b6 ac¬ 
quainted w ; th its use, and is less common now Hum, fSWheriy. 
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ARROWROOT. See VnaulUft. 

ARTICHOKE. Bee Alcachofft. 

ARROZ; Rice; Oryea sativa L. 

This very old East Indian cereal was introduced in the early 
days of the Spanish colonists. Three or four varieties are cultivated, 
mostly in the hilly districts; according to report over 11,000 acres 
are planted here and the outturn is estimated at some 2,500 or 
3,000 tons—a small percentage of the total amount of this grain 
consumed here: 80,000 to 90,000 tons is about the average annual 
import 

Irrigation and the flooding method commonly practiced in 
Oriental countries are almost unknown here. Tests of many stand¬ 
ard varieties from the Mainland and the Orient have given negative 
results in practically every instance. 

ASPARAGUS. See EspArrago. 

ATBMOYA; Annona squamosa X A. Cherimolia. 

Seedlings of this very interesting hybrid fruit are being propa¬ 
gated at the Trujillo Plant Propagation Station; seeds presented 
by Mr. P. J. Wester, Agricultural Advisor of the Philippine Gov¬ 
ernment. The Atemoya has fruited for 10 years in the Philippine 
Islands and is one of the best of several Annona hybrids created 
at the Lamao Plant Breeding Station by Mr. Wester.* Seedlings 
vary somewhat. 

AUBU. See Malftgueta. 

AU8UBO; Sideroxylon fatidissimum Jaoq. 

Indigenous tree common in all the old forests of the Island in 
both the wet and dry districts; 20-30 m.; fruit a yellow berry, 
roundish or oval, 2-2.5 cm. long, containing one or two large seeds 
and a small amount of acid or sweetish yellow pulp. 

A VENA; Oftta; A vena sativa L. 

Barely cultivated. Native of Old World. Leaves and inflorea 
oence commonly attacked by rusts. 

AVOCADO. See Agnacate. 

AVOCADO. See Ooyo. 

BAOULO. See OftlUto. 

BALM. See Mellaft. 

* At Lamao, Bataan Province, acroia the Bay from Manila is assembled the world’s 
largest collection of tronical fruits—tome 500 varieties. 
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BA PHAM APPLB. See Onadauaor. 

BANANA See Onlneo. 

BABBA8C0. See Oenela de Ooata. 

BABLEY. See Oebada. 

BA8IL See Albaluca de Limdn, 

BATATA,* Canute; Sweet Potato; lpomira Batata* (L.) Lam. 

This, the principal root-crop of Porto Rico (as well perhaps, as 
of all other tropical countries) was probably in cultivation by the 
very early aborigines; an illuminant fact is the presence of the 
wild species (Ipomcea tiliacea Choisy) from which this tremendously 
important cultigen is descended. Cultivated much more widely and 
extensively than any yam, yautia or yuca. Not all the types are 
in evidence here to day; the Bush (non-repent) form and the very 
long-rooted form, with a beautiful purple fecula, from Eastern 
Mexico appear to be absent. 

In June 1924, some 240 varieties of named seedlings were pre 
sented by the Agricultural Experiment Station at Christiansted, 
St. Croix, A. V. I.; and these have been tested at Vega Baja Farm 
and San Sebasti&n Model Farm and the Bio Piedras Experiment 
Station. About 150 of these varieties were discarded in 1925 as 
unworthy of further test. These seedlings, produced by Mr. J. B. 
Thompsorf, in charge of the said Station, were raised from several 
mainland and several West Indian standard varieties; in most cases 
only the female parent was known (— some may have bean self- 
fertilized). The forms exhibit all gradations from white, through 
yellow, to dark-rose-colored feculas, while some show rays And clouds 
of purple on a white background; the leaves are of many types. 
In dry situations some plants produce seed here, but propagation 
is always by vine cuttings—except when a rare root may be used 
for sprouts. 

Seeds were also received during 1924 from the said Station, and 
these were grown at the Trujillo Plant Propagation Station, the 
seedlings being distributed mostly to the Vega Baja Farm; some 
fifty varieties were raised and are now under test; seedling work 

* Just where the wild aperies was domesticated is probably impossible to determine; 
however, the guichua dialect, which was spoken by the Incas in 1500, contains several 
words which apply only to I porno e a Batatas • the wocj Oumara was given to tite sweet po¬ 
tatoes of the dry, or starch}, type, and Apichv was the general term tor the varieties hav¬ 
ing a sweet, or moist, fecula Presumably, diatinct varieties had their own names. It must 
be admitted as sn important horticultural fact that the Incas recognised tmo etostet, or 
sections, of this crop—something which has scarcely been done since. 
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both at Rio Piedras and U. S. Experiment Station has not given to 
date very good results. 

Some forty varieties of sweet potatoes of the Mainland have 
been introduced at the United States Experiment Station; of these 
the following are, in order of importance, the best for local con¬ 
ditions : 

Key West, locally known of late and now planted as “Cayo 
HueNO 9 9 ; prolific and early. 

Madeira , of unknown origin; a splendid sort. 

Porio Rico, of uncertain origin; very popular in the main¬ 
land. 

Southern Queen. 

Golden Beauty . 

Creola. 

Ollier Mainland varieties recently presented by the United States 
Department of Agriculture and now under test by this Depart¬ 
ment are, in order of importance: 

Nancy Hall. 

Pumpkin. 

Yellow Jersey. 

Triumph. 

Dooley. 

Big Stem. 

The vines are not used here (as in the Philippine islands) as a 
spinach substitute; they are often fed to pigs, however. 

An excellent feed is made from the small (cheaper) entire roots, 
and a rich flour for human consumption from the fecula. 

The following old native varieties deserve brief mention: 

Ahoga-Perro. A rare variety, common near the east end of 
the Island. The roots are so dry that, it is said, “even 
dogs choke in eating them.” 

Alnuurnada. The white fecula lias purplish veins. The skin 
may be red (Ahuac< na Colorado) or white (Almacena 
Blanca). 

Anita. An early prolific variety having a yellow fecula 
shaded with pale pink. Flavor excellent 
Blanca. At least twelve forms are planted under this t\pe 
name. Both skin and fecula are light-colored 
Burra . The largest and perhaps the coarsest type; a white 
and a red form exist. They are quick growers. Itoots 
weigh up to several kilos. Probably identical with India. 
.Cfindela. Large puple-skinned roots with whitish inside. 
JUnpitaleiia. Root with a dark brown or even blackish skin, 
•“'globose, fine flavor. Prolific. 

X'HYhonera. Similar to Rosita, but has fewer and larger roots. 
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Oolorada. The common red-skinned forms with a yellow sh 
fecula are all grown under this name. 

Cuarentena. A rare form, said to mature roots in forty days. 

Mameya. Several distinct forms are known under this type 
name. Their ferulas arc yellowish and usually sweeter 
than in most other types. 

Aforada. An excellent variety with beautiful streaks of pur¬ 
ple in the fecula. 

Melnuh'fs. One of tin* best sorts grown here The small, 
white roots cook quickly, and are granular and remarkably 
sweet. 

A T c(/ra. One of the most str'king plants in the whole realm 
of agronomy: the stems and leaves are of a rich dark 
maroon purple, becoming almost indigo black with age. 
The roots are, strange to state, unusually white, slender 
and of very poor quality. Plants at Vega Baja Model 
Farm succumbed twice to insect attacks. Very rare. 

Rosita. Has rose-colored roots. 

Yoya. A regular variety having white roots; loaves are 
strongly lobed, vines entireh green; prolific. 

Other varieties possibly identical with some of the above are: 
Cangrejera. Ourabefia, Mayagiiezana, Ranina. 

BAT. See Malagueta. 

BAT BEAN See Mato de Playa. 

BAT Lavender. See Nigua. 

BEAN. See feabichuela. 

BEAN, Civa. See Haba de Sieva. 

BEAN, Jack. See GanavalL 
BEAN, Lima. SCO Haba. 

BEAN,4Eted Jack. See Canavali Colorado. 

BEAN, Wild Tam. See Habilla. 

BEET. See Remolacha. 

BEGGARWEED. See Junquillo. 

BEJTJOO DE OONOHITAS; Chtoria tematea L. 

An Old-World vine thoroughly naturalized here. Does not seem 
to be appreciated as a pasture forage here as it is in St.'Odx, 
U. V 1. Three forms in evidence. 

BEJUOO DE 008TA; Ipomm stolonifera (Cyrill) Poir. 

Common along the coasts of Porto Rico ^nd neighboring islands, 
stem is sometimes partially buried in sand; 3-10 in. Reaves #nd 
vines commonly used as pig feed. 
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BBJUOO OB FUBBOO; Ipomaa rubra (Vahl.) Millsp. 

Very common in wet or moist soil in the northern districts o.> 
the Island; 1-3 m.; the young branches hairy. Leaves and vines 
used for pig feed. 

BBJUOO DB PUEROO; Ipomaa tHweea (Wild.) Ohoigy. 

An extremely common vine in waste grounds everywhere; 2-5 m.; 
roots sometimes bearing small tubers. Leaves and stems gathered 
from waste grounds—never cultivated—and used for pig and rabbit 
feed. Indigenous and possibly the original ancestor of I. Batata* 
(L.) Lam. 

BELL APPLE. See Pareto. 

BENE. See AJanjoli. 

BBRENJENA; Eggplant; Solatium Melon gena L. 

One of the commonest and most satisfactory of the “temperate” 
vegetables; marketed over a season of some 9 months. Both the 
place of origin and the wild form are quite unknown. The culti¬ 
vated plant may easily be and often is grafted on a wild species, 
Berenjena Cimarrona (S. torvurn Sw.), with good results; fruiting 
period may last a year. Three or four varieties are popular; the 
black-fraited seem hardier than the white ones. 

BBBBOS; Water-dress; Sisymbrium Nasturtium-aquatxcum L. 

Semi-cultivated, fairly common salad plant. Grows in shallow 
streams. Native of Europe and Asia. Sometimes in markets in 
large quantities. 

BBBEA; Kale, OoUards; Srassiea oleracea L. var. acephala DC. 

This “tempfrate” vegetable succeeds fairly well here, but is 
severely attacked by insects Worthy of extra efforts. Several 
varieties. Excellent for “greens” and soups. 

BBBEA . DB GAN ADO; Cattle Kale; Thousand-headed Kale; Btassu-a oleracea 
1 m var. ramosa Alef. 

This comjnon European forage plant is unfortunately rare here; 
has succeeded at Vega Baja Farm and Trujillo Station. Injured 
by drought 

JJPPPKAjO; Qareimim Unucao Cy. 

A mediimuKsed second-clate fruit tree, 10-15 m., or more, in- 
trcdnced via United States Department of Agriculture from the 
Philippine Department of Agriculture. Fruiting at Mr. H. I. 
.haveII*8 place at Nagnabo. Fruit shaped like a mandarin orange, 
ycW owi sh jppen when ripe, 3-5 cm. or more in diameter, pulp 
ahnoat tgf #A& to nae without sugar. 



THE FOOD PLANTS OF POBTO RICO 


85 


tffinU; Bollinia *p. 

A splendid specimen* of this excellent Brazilian first-class fruit 
tree is in evidence near Rio Piedras, 5-10 m. 

The fruit resembles the Corazdn in shape but is larger, much 
more juicy and aromatic as to pulp, and somewhat like the An6n 
as to color and surface. 

SXBXn; Eugenia nonticoia (Sw.) DO. 

A fairly common shrub or small tree, 6-10 m., in the waste lands 
of the Interior. Fruits roundish, black, about 5mm. in diameter. 

BLACKBERRY. Sec Zanamora. 

BONA VIST BEAN. See Obicsharos. 

BREADFRUIT. See Pana. 

BREADNUT. See Nuex de Pan. 

BROCCOLI. See OoUfior. 

BRUSSELS SPROUTS. See Col de Braaelae. 

BUOARE; Erythrina Pctppigiana (Walp.) O. F. Cook. 

A common cdffee-shade and roadside tree, 15-25 m.; introduced 
from Peru. Leaves are a nutritious forage. 

BUOARE; Erythrina Berteroana Urban. 

A common Tropical American tree, 5-8 m. The leaves and small 
branches may be used as forage for rabbits and cattle. Leaves 
dried may be ground and used like Alfalfa meal. Frequently planted 
along roadsides. 

BULALA, Pnlaaan; Nephelium mutabile Bl. 

This excellent Oriental fruit tree has just been introduced at 
the Trujillo Plant Propagation Station; 10-15 m.; fruit reddish 
brown or greenish, somewhat resembling the Rambut&n, with a 
delicious sweet or sub-acid transparent pulp surrounding a large 
seed. This should rank with the Limdn and the RambutAn as much 
better fruits than the Quenepa. 

BUNAO; Qardnia Benthami Pierre. 

This interesting species from Cochin China and Philippines is 
in evidence (7 m.) in the collection of Gammas belonging to Mr. 
Sewall at Naguabo. The fruit is simiifr to the Mangosteen but 
smaller, redder and more acid. 


CABBAGE See OoL 
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CACAO; Cacao; Theobrcma cacao L. 

A small tree introduced in 1636 from continental Tropical 
America, 4-9 m. Cultivated sparingly in the Maricao and Las 
Marias districts, and found in at least 8 of the 12 or more distinct 
forms; the Forastero occurring much more commonly (in both the 
red and yellow sub-forms). The Criollo is extremely rare and the 
Calabacillo is seldom seen. Most of the dried (mixed) seeds are 
bought hv the chocolate factory in Mayagiiez. A considerable 
quantity of the dried “beans’’ is used locally by the producers. In 
1903 14 forms of cacao were brought in (as fruits) from Trinidad, 
B. W. I., to the TJ. S. Experiment Station in Mayagiiez and planted 
out on the Station’s grounds. 

CACAO DE NICARAGUA; Nicaraguan Cacao; Thcobroma pentaqona Bernoulli. 

This was introduced about 1903 at the Federal Experiment Sta¬ 
tion at Mayagiiez. Although a very delicate species it has succeeded 
fairly well here. 

CACAO WARIBA; Patashte; Theobroma bicolor H. & B 

An interesting Central America tree, 5-10 m. The large cacao; 
like seeds in the large (0.7-1 kilo) hard-shelled fruit are used in 
various confections. Introduced from Trinidad in 1903; growing 
vigorously from seeds at Trujillo Plant Propagation Station 

CACTUS. Sec Tuna. 

CAGHIMAN; JiolHnia mu<osa (Jacq.) Bail'l. 

Small foiest tree, hearing roundish fruit* 7 cm. or more in 
diameter; “pulp white, mucilaginous, sweet, edible”, aeeording to 
Britton & Wilson. Wild in western districts. Cultivation intended, 
experimentally. Closely related to the excellent Biriba (It. deliciosa 
Safford ), of Brazil. 

CAFE DE ABEOCUTA; Coffca abeolcuta Ct. 

This specieR was obtained from the island of St. Lucia in 1904 
and tried first at La Carmelita Sub-station. It is still under test 
at the TT. S. Experiment Station in Mayagiiez. It resembles ; n 
foliage, fruit, and habit the typical ( 7 . liberica. 

CAFE DE ARABIA. See Oaf* Oomtin. 

CAFE CANEFORA; Goffea canephora Pre. 

This interesting coffee was received from the French Govern¬ 
ment in 1908 by the TJ. S. Experiment Station. It is a late-bearing 
coffee and the bean is of medium size. Tt is closely related to C. 
robusta. 
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H§M| OOMTTN, Oaf6 da Arabia; Arabian Ooffaa; Caffea arabica L. 

' tor species, which today famishes some 90 per cent or more 
of the world's coffee, was introduced into Porto Rico from Haiti in 
1786; the Haitian plants were probably brought from Martinique 
about 1735, the first plants reaching the latter island from Java 
about 1720. Practically no variation is in evidence here after nearly 
200 years; however, a morphological “freak” has occurred near 
Barros, in which the seeds are reversed (back-to-back) in the fruit, 
and a multi-seeded form came to light through La Carmelita Sub- 
Station about 1909. As cultivated, 3-5 m. 

The seed of the Porto Rican coffee ranks in commerce as one of 
the three to four best varieties; it is uniform in size, rather large, 
of a good “bold” appearance, varying from a pale grayish blue to 
a dark greenish blue. It is not very rich in caiffein (probably about 
1 per cent, as against 1.5 per cent for certain Central American and 
South American types) and is not so “rich in the cup”' as some 
varieties, but it is an excellent “blender”. It is more popular in 
Europe and Cuba than in the mainland. 

The acreage at present is about 160,000. The average yield per 
acre is about 300 pounds of marketable “beans”. The average ex¬ 
port is around 15,000 tons. 

The crop season is August to December. The shrub fiowers 
(January to April) about five times, the berries ripening in six and 
one-half or seven months; all the plants in a district bloom at the 
same time. The “Caracolillo”, or Peaberry, seeds are merely the 
seeds from 1- instead of 2-seed fruits borne at the tips of the 
branches; the percentage of these 1-seeded berries in Porto Rican 
coffee is 6 to 8 per cent. In size the common variety here weiglis 
about 139 to 147 grams per 1,000 seeds, as against 242 grams for 
Liberian seeds and 78 for “Mocha”. 

The skin and pulp (which contains considerable sugar! removed 
at the plantation are allowed to decay in heaps and this material 
is usually (after several months) used as a manure; the parchment 
is used at the coffee mills, or “tahonas”, for fuel; the “silver skin” 
membrane adhering to the seed, collected from the “tahona”. has 
been suecesfully used in several feeds (principally “Mlelca”, a 
mixture of molasses and coffee middlings and “Caftor". a cattle 
feed made by mixing equal weights of the “dust” and grapefruit 
juice or pulp) and fertilizers made up at the By-products-Plant in 

+ “Coffee Varieties in Porto Rico", l*v T B McClelland. Horticulturist. V S Agricultu¬ 
ral Experiment Station, Mayagiitz, P R ; Bulletin No 30; issued June, 1924 

'Iliia Bulletin treats sonic 20 spent h and varieties of coffee in a somMechmcal way 
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Mayagiiez; it has also been used as a carrier for tobacco extract in 
making up various “nicotine” insecticides. Its analysis is: Pro¬ 
tein, 10.67 per cent; fiber, 36 p?r cent; carbohydrates,35.2 per cent; 
ether extract, 3.2 per cent. 

Other introduced varieties of Arabian colffee in Porto Rico (in 
evidence at the U. S. Experiment Station and at some few points— 
whither distributed almost entirely by the Federal Station) are: 
Bourbon, introduced from Salvador. 

Pointed Bourbon, a long-seeded variety, discovered in Reunion, 
of distinct habit of growth as well as of seed. 

San Raman, a splendid dwarf type from Salvador, having a 
bearing season of six months (August to January). 

Golum navis, a tall-growing form discovered in Java. 

Erecta, a Java variety having ascending lateral branches. 
Maragogipe, a Brazilian variety, coarse in growth, strong in 
flavor, and poor in yield, introduced about 1904. 

Mocha, a small-seeded form from Java, which perhaps may be 
Considered a distinct sub-species (C. “mokka”), 

Murta, a dwarf, late-bearing form from Brazil. 

Preanger , a mediocre variety from Java; introduced in 1904. 
Menado, a mediocre variety from Celebes introduced in 1904. 
Philippine, a mediocre variety from Philippines introduced in 
1904. 

Guadeloupe, a variety from Guadeloupe, F. W. I. 

Surinam, a variety from Dutch Guiana, S. A. 

Haitian, a variety from Haiti. 

Alta Verapaz, a variety from Guatemala, introduced in 1904. 
Hart err, a variety from Abyssinia, introduced in 1904. 

Kona, a variety from Hawaii, introduced in 1904. 

CAFE DE CONGO; Coffea congensis (Fro.) De Wild. 

This species belongs to the Robusta group and hybrids of it with 
other species may become very popular in the future. One variety 
of this species, “Chalotii”, has large leaves and is quite productive. 

CAFE DEL CONGO; Coffea Laurent* De Wild. 

This variety was received from the U. S. Department of Agri¬ 
culture at the U„ S. Experiment Station. It is commonly cultivated 
in the Congo Free State. One tree at the U. S. Experiment Station 
in Mayagiiez has continued for years giving a very heavy crop; 
according to Mr. T. B. McClelland, Horticulturist of the said Sta¬ 
tion, the yield in one season was 19.4 liters and it has often pro¬ 
duced half an almud. 

CAFE DE DBWEVRE; Coffea Dewevrei De Wild. 

An interesting species, indigenous in the African Congo, intro¬ 
duced by the U. S. Experiment Station in 1911. A late-fruiting 
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species giving its principal crop in December, January and Feb¬ 
ruary. Smaller crops may be obtained in October and November, 
and also in March, April and May. In fruiting habit this species 
resembles the Liberian but has thinner pulp' and more clustered 
fruits,* the rise of the fruits ranks as about third in the list of the 
varieties thus far tested at the U. S. Experiment Station. Budding 
has been successfully accomplished with this species. 

OAFB DB DTBOWBKX; Coffea Dybowskit Pierre. 

This species was introduced in 1905 through the U. S. Experiment 
Station at Mayagdez. 

OAFB E8TEN0FXLA; Bush Coffee; Coffea utenophylla G. Don. 

Though this excellent species was introduced at the U. S. Experi¬ 
ment Station Some time ago it did not succeed well and was unfor¬ 
tunately ignored in the recent excellent coffee development work of 
that Station. In 1924-25 quantities of fresh seeds have been pre¬ 
sented to this Department by the Botanic Gardens of Dominica and 
several thousand seedlings are now propagating at the Forestry 
Station, Experiment Station, and Trujillo Plant Propagation Station 
for immediate distribution to the Model Farms (San Sebasti&n and 
Villalba) and to coffee collaborators in the interior. It is claimed 
that this small-seeded coffee yields two or three times as much 
weight of product per given area as does the regular Arabian. 

CAFE EXCELS A; Excels* Coffee; Coffea excelsa Chev. 

This species, according to Bulletin No. 30 of the U. S. Experiment 
Station, was d'seovered in 1905 my M. Chevalier in West Africa 
near Lake Tchad. 

Received from the French Government at the IT. S. Experiment 
Station hi 1905. These trees have succeeded fairly well in the U. S. 
Experiment Station test plats and this species is today considered 
one of the most promising Coffees for futher experimental planting. 
Its fruiting season is perhaps the latest of all known Coffees, March 
and April being the two heaviest bearing months, with May and 
June not mnch less; this late-fruiting habit may have considerable 
advantage in some districts of the Island. 

OAFB BJBBZDO; "Coffea Uganda", 

Seed of this hybrid cultigen was introduced by the U.. 3. Ex¬ 
periment Station in 1918 from the Java Jj^pponent Station It 
belongs to the Robusta type and appeagp « variable — 

both as to size, shape and color. 
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OAFE DE LIBERIA; Liberian Coffee; Coffea liberioa Hiern. 

The largest of the commercial coffees, introduced at La Carme- 
lita Coffee Sub-station of the U. S. Experiment Station in 1904. A 
specimen of this species near Adjuntas is about 12 m. or rather 
more than the average height of the cultivated trees in the Republic 
of Liberia; occasionally specimens reach 16 m. This species is not 
cultivated as a crop in Porto Rico; it appears to fruit fairly well 
but the size of the berries is quite variable; the fruits are, on an 
average, about 65 per cent heavier than those of the common Porto 
Rican coffees. No hybrids appear to be under cultivation here at 
present, although at least one has been produced (with C. arabica ). 

CAFE QUTLLOU; Coffea quxllou. 

This was imported via the Dutch East Indies from the French 
Congo into the U. S. Experiment Station in 1914. This variety 
of the Robusta type appears to be one of the most productive of 
the so-called “new” coffees. Its bearing season is from November 
to March, with January showing the heaviest crop. 

OAFE ROBUSTA; Coffea robusta L. 

This excellent coffee has been grown in Porto Rico since 1904 
when it was introduced at La Carmelita Coffee Sub-station. Recently 
rather extensive plantings have been made at the U. S. Experiment 
Station at Mayagiiez and considerable seed has been distributed. 
The season is decidedly late, the principal crop coming in January 
instead of September and October as with the common Coffee. 

OAIMITILLO; Lecbeslllo; Chrysophyllvm bxcolor l'oii. 

An indigenous species from the north side of Porto Rico; 10-15 
m.; fruit smoolh, oblong or roundish, 2-3 cm. long, 1- or rarely 
2-seeded. 

CAIMITILLO, Teta de Burra; Chrysophyllum oluiforme L 

An indigenous tree, common in all forests of the Island. 8-15 m. 
Fruit oval, 1-2 cm. long, purple or blackish, usually 1-seeded, the 
pulp extremely-sweet, purplish 

OAIMITILLO, Murta, Quasi vara; Mom in domuigi n*v> (Tuss.) Sp.-ich. 

A tree 8-10 m. indigenous in many parts of Porto Rico and 
Vieques; fruit roundish, yellow, about 15 mm. in diameter. 

OAIMITILLO VERDE; Chrysophyllvm argenteum Jacq 

rather rare indigenous species from the old forests in the 
moister districts of the Island; 10-12 m. Fruits small, roundish 
or oblong, 8-14 mm. 
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OAXMXTO; Star-Apple; Chrysophyllum Camito L. 

Probably indigenous first-class fruit tree, common throughout 
Tropical America; 10-20 m. Two forms of the fruit are found 
here, the green and purple. Practically no difference exists in the 
flavor, size or other characters of the fruit,—the purple or nearly 
black color, although it extends into the outer pulp of the fruit 
does not give a flavor different from that of the green form. Very 
seldom planted and never on a large scale; the fruits, however, 
bring a fair price on the market and are popular everywhere. 

OAIMITO DE PEBRO. See Oaimitnio. 

CAJOTL. See Pajuil. 

0ALABAZA8; Squashes; Pcpo (Cucvrbitc) Pepo L., 

Pepo (Cucurbita) mo&chata (l)uch.) Britton. 

Pcpo (Cucurbita) maxima (Duch.) Britton. 

An unknown number species, sub-species, varieties, and hybrids 
of same are grown here widely but not to any great extent. 

Certain varieties, presumably of the true “Field Pumpkin” type, 
are to be found in the markets throughout the year. In the drier 
regions of the Island many tons of these old garden fruits are pro¬ 
duced each season and they hold a rather important place in the diet 
of the urban as well as the country people. Even several varieties 
of the “Summer Squashes” are occasionally found in the large 
groceries of San Juan. On account of the readiness with which 
most of the Cucurbits hybridize it is practically impossible to be 
certain that any varieties of these fruits found hen are absolutely 
pure. No special care is taken to prevent cross breeding; the plants 
are largely left to find their own supports (trees, fenees, etc.). 

From the investigations made in Eastern and Central Peru in 
1915 by Dr. O. F. Cook, of the IT. S. Department of Agriculture, 
(an eminent authority on plant origins), it appears certain that 
the* aborigines in the Central Andean region had domesticated at 
least three distinct types of squashes: one with hairy seeds which 
may be extinct at present; one with small white seeds; one with 
large black seeds. Very likely some of these primitive squash-like 
plants were the ancestors of our present-day varieties, and they were 
probably introduced into Porto Rico via one or both of the routes 
suggested in the preface. 

0ALAMBBEBA ; Coccolobis venota L. • 

An indigenous tree of the waste lands in both dry and moist 
districts of Porto Rico and neighboring islands; 8-12 m. Fruits 
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white when ripe, 3-angled, about 6 mm. long; the pulp white, quite 
edible, very juicy. 

OAXiAMONDIN; Citrus mitis Blanco. 

This very interesting Philippine fruit was introduced some time 
ago (about 1911), but has not been extensively planted. Some 50 
trees, 3-8 m., are in evidence in the Guanajibo district of Mayagttez; 
the crop of “scarlet limes” is regular and heavy, and the beautiful 
fruits hang on the branches for months after ripening. This fruit 
is unquestionably of most value as an “ade” fruit (for drinks, 
sherbets, etc.); its loose peel is an advantage therefor. 

It has been used as a parent in the seven following hybrids: 

Citraldin, (with Poncirus trifoliata). 

Kopomaldin, (with C. grandis). 

Oalarin, (with C. nobilis deliciosa). 

Calashu, (with C. nobilis unshiu). 

Faustrimedin, (with Microciius australasica). 

Bigaraldin, (with (’. aurantium). 

(Jitragedin, (with the ciirange). 

CALIiAIiOTJ. See Yautla. 

CAMANCHILE; Pitihcccllobvum dtthe (Boxb.) Benth. 

A Central American shrub or small tree, 5-10 m. Has been 
planted near the Director’s residence at the Mayagiiez Experiment 
Station and elsewhere. Apparently variable; one Mexican variety 
has pods 20-30 cm. long. The sweet, whitish, fleshy pulp is very 
Avholesome. 

<CAMANDULAS; Job’s Team; Coix Lachryma Jobi L. 

Scarcely cultivated, but common. The luxuriant foliage is of 
some feeding value, but the grain envelopes of tne old ordinary 
form are too hard to be safely used as feed (even when ground) 
for animals. The only forms worthy of cultivation are the newly 
introduced Adlays from the Philippine Islands. Native of Tropical 
Asia. 

CAMOMTLA; Chamomile; Jnthemu vobilis L. 

A first-class seasoning herb with a very pleasant aroma; native 
to Europe. Introduced from France in 1924. Testing at the Plant 
Propagation Station. 

CANAVAU; Sword Bean, Jack Bean; Canavali ensiformis (L.) DC. 

An old East Indian Bean, 1-2 m., cultivated in fruit orchards, 
of little importance as a food plant. The large white seeds may 
l»e eaten with little danger provided they are soaked several hours 
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in warm water and then “hulled” by rubbing off the loosened coarse 
skins; the “first water” in which they are cooked should be thrown 
away. 

CANAVALI COLORADO; Bed Jack Bean, Horse Bean; Canavali gladiata, DC. 

This rare plant is growing luxuriantly at the Plant Propagation 
Station. It may be of value as a forage and cover crop, but the 
very succulent foliage might require (partial, at least) drying 
before feeding to cattle. The crimson seed is larger than the white 
Canavali, and very different from the wild mato Colorado (C. rusio- 
sperma Urban) of the forests in the western end of the Island; plant 
much larger, 3-10 m. 

CANDLE-HUT. Sec Nues de Is India. 

CANDLE-TBEB. See Palo de YOU. 

CANS. See Osfis. 

CANE LA; Cinnamon; Cinnamomum eeylanioum Neea. 

A fine specimen of this famous species is in evidence in Maya- 
giiez; about 6 m.; probably introduced about 1893. Native of 
South Asia. 

CANBLA DE CHINA; Cinnamon; Cinnamomum Cassia Blume. 

A rare tree occurring in various scattered localities, never actually 
cultivated; introduced in 1903, a tree in the Federal Experiment 
Station orchard had reached a height of 3.7 m. in 1905. The bark 
appears to be ntilizable but has never been put on the market here. 
Native of China. 

CANBLA DE COSTA, Bar banco; Winter Bark, Pepper Cinnamon; Canella Win- 
terana (L.) Gaertn. 

This indigenous shrub or small tree, 5-15 m., occurs in many 
localities, especially along the coastal area of Porto Rico and the 
neighboring islands. The highly aromatic and fragrant bark yields 
not only an excellent condiment but also a medicinal tonic. 

CANISTBL, Ti-ee; Egg-fruit;_ Lucuma nervosa A. DC. 

A very interesting Cuban fruit introduced in 1903 at the U. S. 
Experiment Station; 5-10 m. This tree fruited in 1908 at the said 
Station but has never been distributed about the Island as it should 
have been. The fruit is one of the richest of all the sapotes; the 
sweet dry yellow pulp may be eaten raw, or made into pies or jam. 
Testing at the Trujillo Plant Propagation Station. 

OANNA, Bdlble. See Marses. 



94 rflE JOTTRNAL OF THE DEPARTMENT OF AGRICULTURE 


OAJfA, Oafia de Asficar; Cane, Sugar Cane; Saccharum officinarum L. 

The precise habitat wherein this luxuriant grass was first reclaimed 
as a tame crop may never be known; in fact, there may have been 
several points of origin: A. de Candolle appears to consider its 
primitive range (as a domesticated plant) between Bengal in India 
and Cochin-China; but, if the Uba cane be regarded as of this 
species, South China was probably the mother country of one 'or 
more types of cane; and recent explorations have revealed the fact 
that in central New Guinea there are today large districts wherein 
savage tribes plant cane (probably of several varieties! from th< 
seed , like sorghum or maize,—which might well indicate that there 
it has not lost by any means so much of its pristine seed vigor as 
elsewhere. 

Certain it is, however, that Don Enrique, Infante de Portugal, 
took it about 1420 from Cyprus or Sicily to the Madeira Islands; 
the Arabs had brought the “honey-bearing reed’ 7 presumably from 
South India to Egypt, then to Sicily and Spain, rather early in the 
Middle Ages. From Madeira it was taken to the Canary Islands 
in 1503 and thence, a few years later (probably about 1505-1506) 
to Hispaniola. According to one account Columbus took it to Hispa¬ 
niola in 1493. It was probably one of the first very important 
introductions (from the Island of Haiti) into the world’s first agri¬ 
cultural Experiment Station on the Toa River, near Toa Baja; 
evidence indicates that it was established there kef on 1520 . 

The variety grown in Porto Rico, from say, 1515 to about 1800 
was the soft-rinded, weak growing CnoUa. During the 19th century 
scores of varieties were introduced here from the other West Indies 
Islands and from Brazil, but not till about 1905 did the multitude 
of seedling varieties begin to appear in cultivation 

Mr. Arthur H. Roscnfeld, Special Cane Technologist of the In¬ 
sular Experiment Station at Rio Piedras, Porto Rico, has kindly 
prepared the following summary in regard to present-day cane va¬ 
rieties. 

Some 500 distinct varieties of sugar cane have been tried out 
at the Insular Experiment Station and the Federal Experiment 
Station, as well as on the plantations, around one-fifth of that num¬ 
ber being cultivated to some extent on the plantations today. The 
following, however, represent the most generally cultivated and 
promising varieties on the Island today, in the order of their actual 
importance and distribution: 1 

‘For full doncriptions and diwtiBhiona of inoMt of then* varieties hw. Ruuenfeld, At 
thur H —“ r Ihe ,7a\a P () ,T Cants in Tncumftn and Porto ttico” and “Tht* BH 10(12) 
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Barbados Hybrid 10(12) and 8t. Croix 12/4. By a remark¬ 
able coincidence, since these are easily the two most prom¬ 
ising varieties on the Island, both of these canes were pro¬ 
duced by the lion. Jno. R. Bovell, Director of Agriculture 
in Barbados, from the same parent, K 6835 , the 8. C . 12/4 
having been taken by Mr. Bovell to St. Croix when on a 
visit to that Island when it was yet but a tiny unnamed 
seedling cane and when nothing, naturally, was known of 
its characteristics. Both are canes of good tonnage and 
high sugar qualities and they are rapidly replacing the old 
standard Cristalina and other varieties in the better soils 
of the Island of Porto Rico. For example, Mercedita de 
Ponce at present has practically 100 per cent of her entire 
acreage in these two canes, while around 50 per cent of the 
entire South Coast cane arqr is now devoted to these canes. 
The indications are that this percentage will rapidly in¬ 
crease in the better cane areas all over the Island in the 
coming few years. 

Cristalina. Known in Hawaii as Rose Bamboo and in the 
British West Indies as White Transparent. “The grand 
old cane” of the sugar industry of the world, having proba¬ 
bly produced more sugar than any other variety during the 
generations that it has been cultivated. Is one of the Che- 
ribon canes which for years formed the basis of the cane 
plantations of well-known sugar countries such as Java and 
Cuba, in the latter of which it still constitutes approxi¬ 
mately 99 per cent of all the cane cultivated. On the South 
Coait of Porto Rico this was for years almost the only cane 
planted, with the exception of the now almost extinct Ota - 
heite, but, as indicated above in the discussion of the B. 
H. 10(12) and 8. C. 12/4 varieties, it is now rapidly being 
replaced by them. 

Rayada. Also known as Louisiana Ribbon or Striped Cheri - 
b6n. Like its sister cane, the Louisiana Purple, it is noth¬ 
ing more nor less than a color mutant of Cristalina and 
until recently was as important a factor in North, East 
and West Coast production in Porto Rico as w r as Crista¬ 
lina on the South Coast. Like its sister, it is rapidly being 
replaced by the B. H. 10(12) and 8. C. 12/4 varieties and 
its practical disappearance from the Island in a few more 
years can confidently be predicted. 

Dementra 433. Known all over the Island as Ceniza or Fa- 
jardo cane, this variety represents an interesting case of a 
variety of rather undesirable characteristics in general de¬ 
veloping special adaptation for a particular zone, which in 
this case is the Northeast corner of Porto Rico, w'tiere the 

and 80 12 I Cant**", in Jour, of P R Dept. of Agr f VIII and IX, Non 3 and L6pe» Do* 
mingvn, F —“The Sugar Yield of the Uba Cane in Porto Rico”, in Bull 28 of Insular Ex 
pornnent Station of JPorto Rico. 



96 THE JOURNAL 07 THE DEPARTMENT 07 AGRICULTURE 


Experiment Station of the Fajardo Central, through the 
competent efforts of Messrs. McConnie and Veve, has 
brought up its former production to around 100 per cent 
increase. Fajardo has of late developed some seedlings of 
this cane which bid fair to gradually replace the parent, 
notably F. C. 140, 214 and 306, their order of importance 
at present being in the reverse of their enumeration here. 

Vba. One of the groups of North Indian canes which Dr. 
C. A. Barber considers as belonging to the Pansahi group. 
Generally classified as a distinct species from the “noble” 
canes usually grown, which come under the Saccharum of- 
ficinarum species, while Brandes considers that the Vba 
group belongs to the sinensis lot. 1 The variety generally 
cultivated in Porto Rico is what is known in Argentina 
and Brazil as Kavangire, this name probably being due to 
a mixing of varietal labels, but at any rate our commonly 
cultivated Chinese cane seems distinct from the genuine 
Vba de Natal in behavior if not in readily discernible bot¬ 
anical characteristics. This cane was sent in 1917 from 
the Tucuman Sugar Experiment Station in Argentina to 
Mr. D. W. May, Director of the Federal Experiment Sta¬ 
tion in Mayagiiez, P. R., and, after its complete immunity 
to Mosaic Disease had been proven several years later by 
Mr. F. 8. Earle, then Cane Technologist of the Porto RicalC 
Insular Experiment Station, a large shipment was brought 
up from the Tucum&n Station and it has since been widely 
cultivated on the West Coast of Porto Rico, where the rav¬ 
ages of Mosaic Disease were particularly severe and rogue- 
ing most impracticable. It is a rustic type of cane, with 
a very thin stalk and closely adhering leaf sheath which 
makes preparation for the mill difficult and expen ivc, but 
on poor, hilly lands, where other types of cane give almost 
nothing, it will produce quit*- satisfactory yields at a ri¬ 
diculously low cost of cultivation—particularly as ratoons. 
Its sugar content is variable, however, and likely to be low 
in cropping seasons of high precipitation, and it is not 
ventursome to predict that in a few years it will commence 
to be replaced quite quickly by some of the P. 0. J. ( Proef - 
station Oost Java) crosses produced by Kobus in Java, one 
of the most promising of which is mentioned below. 

P. O. J. 36. This is a controlled cross of Chunnee, of the 
North Indian type, with Striped Preanger of Java. As 
both parents are susceptible to Mosaic Disease—Kobus was 
breeding for resistance to Sereh—this variety, like others of 
the group, is not immune, but becomes infected with great 
facility. The deleterious effect of Mosaic, however, is not 
great on account of the tolerance of Chunnee, which appears 

* Breeding of Disease-Resisting Sugar Plants for America. Hef. Book of Sugar Ind 
of the World La Planter; July, 1925 



THE FOOD PLANTS OF PORTO RICO 


97 


to have been transmitted in high degree to this seedling. It 
is a comparatively slender variety, but a most prolific stooler 
and ratooner and, while under ordinary favorable condi¬ 
tions this cane will probably not outyield the “noble” canes, 
under conditions approaching disease saturation, their strik¬ 
ing superiority is nothing less than phenomenal. Consider¬ 
able of this variety is now being cultivated on the West 
Coast, in the vicinity of Anasco and Rincon, and Central 
“Los Canos”, near Arecibo, under the very progressive 
administration of Mr. Antonio Fraticelli, has a large area 
of it which has been giving most excellent results. The In¬ 
sular Experiment Station is now multiplying Mosaic-free 
seed of this variety for extensive distribution in districts 
where Kavangire is being largely grown, the results from 
which were rather unsatisfactory in the past crop. Be¬ 
ginning with, disease-free seed, it should be entirely prac¬ 
ticable to rogue plantations of these resistant canes and 
maintain them free of Mosaic Disease, enabling this section 
to grow a better type cane than the Kavangire without rec¬ 
ommending cultivation of cane 100 per cent infected with 
Mosaic. This cane gives quite good sugar yields, will grow 
on lands as poor as that which will still produce the Japa¬ 
nese type and is as easy to strip as Crisialina or B . H. 
10 ( 12 ). 

Demerara 1135 . This is a variety which, while of no promise 
whatsoever in the place of its production, has given most 
promising results under unfavorable conditions in Tucumin, 
Queensland and Hawaii. It is somewhat similar in size and 
characteristics to the P. O. J. 36, susceptible to attack of 
but to some degree resistant to the effects of Mosaic Disease, 
although not to such a marked extent as the P. 0. J . 36, 
drought-resistant, easy to strip for mill and a remarkable 
germinater, stooler and ratooner. The Insular Experiment 
Station at Rio Piedras is pushing this variety as advisable 
for the unfavorable conditions of the North and West Coast 
and for the very dry Island of Vieques. Several centrals 
will have substantial quantities of this variety for cropping 
in 1926-27, when its adaptation to Porto Rican conditions 
can be more adequately determined. 

Two of the new Barbados seedlings are giving such excellent 
results on a small scale that it is practically certain that they will 
replace some of the above-mentioned seedlings in the near future; 
they are B. 6032 and B. 11569. 

At the U. S. Experiment Station, the Rio Piedras Experiment 
Station, the Fajardo Sugar Co., Gu&nica Central, and elsewhere ir 


* “The Java P O. J Canes in Tncumin and Porto Rico”, b> A H Kohcnfeld, 
nal of the Department of Agriculture and Labor of Porto Rico”, Vol. VIII, No 8, July 1934. 
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the Island thousands of seedlings have been raised and many of 
these are now under test. 

Since the early part of the 19th century, cane has surpassed 
coffee as the principal crop. About 1900 a great impetus was given 
to cane culture here through the opening of the mainland markets 
and the extension of the area under cultivation has not yet stopped. 
The following statistics are illuminant: 

The present acreage under cultivation varies from 225,000 to 
280,000. 

In 1896-7 the crop amounted to only 58,000 tons. 

About 1900 the production was less than 100,000 tons. 

In 1917 the crop was 448,000 tons. 

The 1924-25 crop is estimated at around 650,000 tons,—or about 
80 per cent greater than ever before. 

There arc now 89 centrals in operation. 

The average export value of the Nugar crop for the past five 
years has been over $61,000,000. 

CARAMBOLO; Averrhoa Caramhola L. 

Rare second-class introduced (Oriental) fruit tree, $-6 m.; cul¬ 
tivated in Loiza and Carolina districts, from whence fruits are sold 
during season (July to September) in San Juan. The very acid 
fruits are used for jellies and preserves; a very rare, less acid, 
variety eaten fresh. 

CARROT. See Zanahoria. 

CASABE. See Yuca. 

CASHEW-NUT. See Pajuil. 

CASSABANANA. See Pepino Angolo. 

CASSAVA. See Yuca. 

C ASTANA DE AUSTRALIA; More ton Bay Chestnut; Castanaspermum australe 
A. Cunn. 

This species was recently introduced by the U. S. Experiment 
Station but will probably not fruit for some time since the tree is 
very large, at leaflt .in its natural habitat. The nuts are among the 
very best 

CATNIP. See Hierba Gatera. 

CAT-TAIL. See Enea. 

CAULIFLOWER. See Oolifior.* 

CAYUR. See Ooras6n Clmarrin. 
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CBBADA; Barley; Hordeim vulgare L. 

This polymorphous old eultfgen, or cultivated hybrid, of very 
obscure origin was introduced at the Toa Grange about 1515 and 
was repeatedly planted here; but it has disappeared except as an 
occasional ‘‘curiosity exhibit”. 

The spent grain from the brewery in Santurce has been success¬ 
fully used as a local dairy feed. 

OSBOLLA; Onion; Allium Cepa L. 

Commonly cultivated, especially in the northwestern portion of 
the Island; no large fields, but the total acreage may run into hun¬ 
dreds. Yield usually fair, but considerable trouble is experienced 
in curing the bulbs to {) re vent decay between field and counter. 
Several varieties are common, the white, so-called “Bermuda” or 
“Canarias” type, usually being preferred to the red or yellow types. 
Native 1o Western Asia Both the rare multiplier, or potato, onion 
(A. (\pa var sol a mi m Alef.) and the top onion (A. (\ viviparum 
Metz) are also being tested by the Department. 

CEBOLLA DE GALES; Welsh Onion; Allium fistuloaum L. 

This Siberian chive-like vegetable is being tested at the Trujillo 
Plant Propagation Station. 

OEBOLLIK; Chive; Allium Schtpuoprasum L. 

An obadure but not very rare vegetable, successfully cultivated 
in the higher and well drained districts; commonly marketed in 
small quantities; used in flavoring soups and stews—both the long 
(5-10 cm.) slender bulbous bases and the savory leaves. Native in 
Europe and Asia. 

CELERIAO. See Apio-Nabo. 

CELERY. Sop Apio. 

CERAFOUO; Chervil; Cere folium Cere folium (L.) Britton. 

A rather rare old seasoning herb from West Asia and S. E. 
Europe. Merits wider cultivation here. 

CERAFOLIO BULBOSO, PerifoUo do Bnlbo; Tuberous-rooted Chervil; Cluero 
phyllum bulbosum L. 

This old European vegetable is being tested at the Trujillo Plant 
Propagation Station; it will probably succeed in the higher eleva¬ 
tions. * 


CEBEXJSL Sre Pita jay a. 
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OEBBZA OOIiOEADA; Wait Indian Cherry; Malpighia pmicifoUa L. 

A fairly common second-class fruit tree, 4-6 m.; probably indi¬ 
genous. Apparently slightly variable but in no types do the fruits 
exceed 2 cm. in diameter. The very acid, red fruits are sometimes 
eaten fresh but usually made into a sauce, jam or preserve with 
plenty of sugar. 

GEBEZA ESPAJtOLA; Spanish Cherry; Mvmutops Elen pi 1*. 

A recently introduced East Indian tree, 8-10 m. or more; fruit 
egg-shaped, yellow, 2 cm. long, 1-seeded, with a dry sweet pulp. 

GEBEZA DE SUBIN AM; Surinam Cherry; Eugenia wit flora L. 

Introduced through the U. S. Experiment Station at Mayagiiez, 
in 1903. Still very rare. The red cherry-like fruits should be » 
valuable addition to our pomology. 

CICELY. See Mirra. 

CIDBA; Citron; Citrus medico L. 

Introduced (as seeds) repeatedly from Europe (and probably 
America); the Adjuntas and Mayagiiez district plants are descend¬ 
ant from Corsican seeds brought in by persons who had confidence 
in the future of the export industry here. A few grafted plants 
were sent hither (by the U. S. Department of Agriculture) from 
the genuine Corsican trees, and it is believed that a few sprouts 
are still in evidence. 

Three or four small orchards, one coming into full bearing, have 
recently been set out near Adjuntas; a gross income at the rate 
of over $1,000 per acre was reported last season from one of these 
groves. All trees are grown from short stake cuttings; but at the 
Trujillo Plant Propagation Station experiments are being made in 
budding onto Sour Orange and Grapefruit stocks and in one plan¬ 
tation near San Juan excellent results are showing from using 
strong old Grapefruit stocks; fruit is expected within 2 years by 
this method. At present the export price of fresh fruits (packed 
in barrels) is considered good, and this should increase somewhat, 
considering the fact (1) that consumption in the Middle States 
will probably increase, (2) that the cost of importing fruit in brine 
from the Mediterranean countries is high and conditions precarious, 
(3) that neither California nor Florida can, with commercial safety, 
expect to produce large and “steady” crops of this very sensitive 
(to frosts, etc.) fruit, and (4) that the current retail price for 
candied fruit (largely sugar) leaves a very wide margin for profit 

Test plats of Citron varieties are being established on the Model 
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Farms, and from these and the Plant Propagation Station propa¬ 
gating material will soon be distributed to planters who are being 
encouraged to grow at least a few of these exceedingly promising 
trees. 

Dulces and confections have long been made from the common 
seedling fruits here (without brining); experimental work has been 
done in “brining” and “crystalizing” citron at the Mayagiiez By- 
Products Plant, results indicating that the local humidity and the 
hygroscopic tendency of the sugared product militate against the 
establishment of the peel industry here. Cithon peel dries well but 
slowly in the said Plant’s special dehydrator, and quite possibly 
this method may be used as an important factor in cheaply putting 
the raw material on the mainland market. 

Three or four fairly distinct races, based on fruit characters, are 
already recognized; one, the “Boba” is large but lacks flavor. 

The principal variety for export has been named Preferida; 
this is a very large oblong fruit with a fairly smooth surface; it 
appears to have two distinct habits; one called the Erecta grows 
fairly erect whereas the ordinary plant has the bad habit of allowing 
its branches (unless propped) to fall onto the ground, especiallv 
if carrying any fruit. Another variety known as the Rugosa is a 
medium-sized fruit of first quality but the rind is considerably 
wrinkled and the shape may be somewhat irregular. Still another 
form which has made its appearance in the Adjuntas plantations 
is called the Hibrida; it would appear that this is a cross with the 
Limon de Cabro as indicated by its inferior size, shape, and flavor 
and by its more juicy and acid pulp; this fruit is being studied. 

Two trees of distinct habit and fruit on a plantation west of 
Adjuntas seem to be hybrids between the citron and some kind of 
“Lemon”. 

OIDRA DULOB; Citrus sp. 

One or two trees, near Maricao and one near Anasco are known 
of this fruit. ‘Foliage resembling that of Cidra but spineless or 
nearly so; fruit with thin peel, rich sweet “orange-like” pulp and 
some Grapefruit characters. Two trees are reported from Santo 
Domingo. Probably a valuable new fruit, at least for local use. 
Propagating at Trujillo Plant Propagation Station. 

CILANTRO; Coriander; Coriandrum satwwn^h. 

This European culinary herb ranks with Anise here. For dulces 
and pastry the seeds are excellent. 
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CINNAMON. Sec Oanela. 

CINNAMON, Wild. See Malagueta. 

CIRUELA AMARILLA. See JoblUo. 

CIRUELA; Spanish Plum, Red Mombln; Spondias purpurea L. 

Second-class fruit tree, 4-8 in.; semi-cultivated throughout the 
Island, usually in fence-rows (where it grows from stake cuttings). 

CIRUELA AMARILLA. See JoblUo. 

CIRUELA DE LA CHINA; Chinese Plum; FUicourtui cataphracta Roxh. 

This oriental species is sometimes cultivated for its round fruit 
which is about 1.5 cm. in diameter. The tree is smaller and more 
spin}’ than the sister species F. Ramontchi. 

CIRUELA DE GUAY ANA; Guiana Plum; Dry pc ten lateriflora (8w.) Krug & 
Urban 

A small tree native to the hills near Bayamdn, 5-15 m. Fruit 
reddish, 5-11 mm. in diameter, dark brownish, hairy. 

CIRUELA DE MADAGASCAR; Madagascar Plum, Governor’s Plum; F/n- 
eourtxa Ramomtchx L’Her. 

This Madagascan fruit shrub is occasionally grown here; 5-10 
ni or higher Fruit round, black,, about 12 mm. in diameter. 

CIRUELA DE MALAYA; Gmclina arborea Roxb. 

A rare Malayan second-class fruit tree presented by the Dominica 
Botanic Gardens, and distributing from the Trujillo Plant Propa- 
gaton Station; 5-15 m. Fruit plum-like, very juicy 

CIRUELA DEL MONTE; Mountain Plum; Rheedta cdulxs Planch & TYiana. 

This small-growing fruit tree is related to the Mangosteen; in¬ 
troduced by the U. S. Experiment Station at Mayagiiez in 1903. 

CIRUELA DE SANTO DOMINGO, Ciruelas; Santo Domingo Cherry; Anamo 
mis umbellifera (IT. B. K.) Biitton. 

A second-class fruit tree, native of Hispaniola. Fruit 1-1.5 cm. 
in diameter. Cultivated here. 

* 

CITRON. See Cidra. 

OLA VO BE ESPEOIA; Clove; CaryophyUus aromatxcus L. 

An extremely rare Oriental tree; does not succeed here. Several 
specimens have been introduced; one at Trujillo Plant Propagation 
Station now. 

CLOVE. See Olavo do Especia. 

CLOVER. See TrfboL 
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GOOO, jOocotero; Coconut; Cocoa nucifcra L. 

Although practically all closely related palms are indigenous in 
Tropical America, and while evidence points to Colombia as the 
locus where it should have originated, the 25 to 40 varieties of 
Coconut* have been grown since prehistoric times in Southern Asia, 
the Bast Indies, and Polynesia; and whether it came around the 
Cape of Good Hope with the early Portuguese navigators or was 
carried along the north coast of Africa into the Bast Atlantic 
archipelagoes by the Phoenicians or their successors, the fact seems 
quite and remarkably clear that neither Porto Rico nor any other 
part of Tropical America visited by the Spanish discoverers around 
1500 had ever known the species as a food plant. (If ever found 
in the wild state it will probably be in some of the recesses of the 
Panaman or Colombian |Darien] wildernesses). 

There is little doubt lhat Father Diego Lorenzo brought the first 
nuts from Cape Verde to Porto Rico sometime before 1525; pre¬ 
sumably he had a considerable number of sprouting nuts and there 
fore both the Green and +he Yellow forms of the species (which 
comprise at least 95 per cent of the 400,000,000 to 500,000,000 trees 
under some sort of cultivation in the world today) were undoubtedly 
introduced then. The few and very rare following var’eties have 
been brought hither from time to time by unknown parties from 
unknown sources: 

(rolden ; a beautiful nut, considerably below medium size, the 
surface of the roundish pericarp showing at all times a 
peculiar bronze yellow or golden brown color; the tree is 
rather small, 5-10 m. 

Macapitud , the famous “solid-meat” variety from the Phil¬ 
ippine Islands is said to have become established here 
long ago but the author has not seen a specimen; in this 
connection il should be remembered that not a'l the nuts* 
on the Philippine tree have the “water cavity" tilled with 
the “meat", the few (?) quasi-normal nuts bein'* the in earn 
whereby the “freak" variety is propagated. 

(hoed, this very large, th ek-husked nut from the south coast 
of Bast Panama has probably been established here. 

San Bias , this famous varety from the north side of Bast 
Panamd (and the 365 islands of the San Bias chain) is or 
soon should be here; the rather elongate husk is thin and 
the shell is more easily removed from the “meat” than 
that of any other variety 

Tt appears that none of the six or s^ven distinct varcties of 

* “The Philippine Coconut Industry*, 1,> (> W liurrett, Bull 25, Bm of Vgr, OoU 
of Philippine IdB , 1012 
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dwarf coconuts have yet been introduced here; they should all be 
tested out in the shallow soils. The Ginaring, or Ivory Husk, and 
the Edible Husk varieties are to be introduced as soon as oppor¬ 
tunity offers. 

The Green and Yellow ordinary varieties reach, in good situa¬ 
tions, 25 to 30 m., being at this height presumably over 75 years 
old. 

Only a few tons per annum of copra are in evidence—made mostly 
in hot-air driers in Loiza and Humacao Playa; the steam-pipe hot¬ 
air dryers in evidence at the By-Products Plant in Mayagiiez were 
devised in 1912 by the author to provide a cheap simple means for 
reducing the moisture content to the point (around 9 per cent) 
where moulds do not attack the copra (with the certain and de¬ 
plorable loss of oil). Instead of making into copra here the sprouted, 
broken, rotting (from “eye” injury) and very small nuts are usually 
fed to pigs and poultry. 

The annual export crop ranges from 20 to 25 million nuts; of 
these probably about 25 per cent are sold as culls at about half 
price. Neither wine nor sugar has ever been produced here from 
the (immature peduncle) sap. Probably not over 1,000 immature 
nuts are harvested daily for the “water" which is a popular bever 
age in the towns. 

Both at Mayagiiez and Humacao Playa coir factories produced 
a few thousand tons of fiber about 1914-15. 

One of the closest wild relatives of the Coconut is the very inter¬ 
esting palm, Calyptrogyne occidental^ (Sw.) Maza, which is found 
about San Sebastian; since it appears that less than 500 specimens 
of this tree exist it must be considered (like some of the nearly 
extinct species of the Seychelles Islands) one of the rarest palms in 
the world: (established at the Model Farm near San Sebasti&n). 

Comparatively little increase in coconut cultivation has occurred 
here s ; nee 1900; the acreage is supposed to be around 10,000. 

COCOA-PLUM. See Icaco. 

COCONUT. See Coco. 

COFFEE. See Oaf A 
COFFEE-SENNA. See Hedlonda. 

GOITRE. 

Six species of three genera of very similar plants are included 
under this common name here as follows: 
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Campelia Zanonia (L.) H. B. K. 

Tradescantia geniculata Jaeq. 

Tradescantia elongata G. F. W. Meyer. 

Commelma longicaulis Jaeq. 

Commelina elegans H. B. K. 

Athyrocarpus persicarwefolius (D C.) Hems. 

The very watery herbage of these plants is frequently harvested 
from waste ground, roadside banks and even cultivated fields and 
fed to pigs, rabbits and poultry partly as a roughage and partly for 
the popular belief that the cool sap (sic) is beneficial to the animals. 
Although never cultivated, in some districts these weeds are of 
considerable importance to the small farmer. 

COL; Cabbage; Braxswa oleracca L. vur. ca pit at a L. 

One of the commonest and most appreciated “temperate” vege¬ 
tables; succeeds better perhaps in the hilly moist regions, but Vega 
Baja produces excellent specimens in wholesale quantities. Manv 
varieties of the three or four types are grown. Frequently badly 
attacked by a Tineid moth. Of West European origin. Imported 
from the mainland in enormous quantities in the August-October 
season. 

COL DE BBU8ELAS; Brussels Sprouts; Brasnca nleracea L. var. gemmifern 
DC. 

A very difficult vegetable to produce at sea-level in the Tropics, 
but can be frown at 1,000 m. Not popular. 

COLA; Kola; Cola vera K. Sebum. 

This African tree is being distributed from Trujillo Plant Prop¬ 
agation Station; the seedlings seem to start off well. In Liberia, 
|the Canal Zone and Dominica, the average tree at full maturity is 
hardly more than 5-8 m., although specimens probably attain a 
height of 10 m. or more. The pulp is edible, but the seed itself, 
sontaining two or three times as much caffein as coffee, is of great 
|alue as a stimulant and will eventually, it is believed, become a 
^ery popular beverage for the whole world. 

COLU'LOB; Cauliflower and Broccoli; Braxswa oleraeea L. vm. bntrytu L. 
Neither form of this vegetable succeeds well here. Popular. 

COLIN ABO; Kohlrabi; Brassica caiUorapa Paaq. 

Occasionally cultivated, second-class vegetable. If grown rapidly 
in a cool moist soil the “stem tuber” is tender and usually devoid 
of bitterness. 

COLLABD8. See Bona. 
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CONDOL; Chinese, Preserving Melon; Bentnoasa hutpida Cogn. 

This Oriental cucurbit has never succeeded here. The excellent 
flavor of the preserved rind is a good reason for further tests. Seeds, 
brought in from Caracas, Venezuela, have not succeeded at Trujillo. 

CONGO PEA. See GanduL 

CORAZON; Custard Apple; An 71 on a reticulata L. 

A third-class fruit tree, 4-8 m.; semi-cultivated in all and com¬ 
mon in western distr’ets, preferring well-drained soils. Fruits com¬ 
moner during dry season. Variable from nearly inedible forms 7 
cm. to delicious forms 15-20 cm. in diameter; the better sorts have 
pinkish or rosy pulp and a slightly acid, instead of sweetish, taste. 
Superior varieties have been introduced from Dominica and the 
American Virgin Islands. Fairly common in markets. Superior 
sorts probably exportable. Believed to be indigenous. 

CORAZON CIMARRON, CAYUR; Pond Apple, Monkey Apple; An nan a gla 

bra L. 

Inferior fruit tree, 3-10 m.; swamps and wet lands, never cul¬ 
tivated. Pulp insip : d or slightly aromatic, resembling that of an 
inferior Corazon. 

CORIANDER. See Cilantro. 

CORN, INDIAN. See Mai*. 

COROZO. See Palma de Coroao. 

COTTON. See Algoddn. 

COWPEA. Hee Prijol. 

COWPEA, PHILIPPINE. Sec Silani. 

COYO, Affuacate de Guatemala; Guatemalan Avocado; Perscu Rchxcdeaua Neee. 

This rare Guatemalan species is, of course, quite similar to the 
Avocado, but it can readily he distinguished by its pubescent branch- 
lets and leaves and by the brownish white to pale brown pulp which 
contains a milky juice and has a coconut Aik c flavor. 

This excellent fruit was introduced at the Rio Piedras Experi¬ 
ment Station about two years ago; thus far it has not succeeded 
well. It may prove superior to the Avocado as an export and 
market fruit. 

There are in Guatemala se\eral varieties, the fruits of which vary 
from green to bronze brown, and may he either long- or short-necked; 
the skin is thicker than the regular West Indiau sort but is not 
brittle or woody like the true Guatemalan Avocado. 



THE FOOD PLANTS OF POETO KJCO 


lp7 


ORESON; Garden dress; Lepidium sativum L. 

This rare West Asiatic vegetable is sometimes grown here; being 
tested at the Trujillo Plant Propagation Station. 

CRESS, GARDEN. Bee Oresfo. 

GBBSTA DB GALLO BLANOO; Teramnus uncinatus (L.) Sw. 

A slender vine, 0.5-1 m. or more long, indigenous to the Island, 
and Tropical America in general. 

Used as a forage plant in St. Thomas, whence seeds (presented 
by Mr. A. Holst, the Danish Consul) were received in January, 
1925, for trial at the Trujillo Plant Propagation Station. In this 
respect it resembles the Bejuco de Conchitas ( CUtoria ternatea, L.) 
and the high percentage of prote’ds in the fodder is undoubtedly 
about the same in both plants. 

CUCUMBER. Hi* Pepino. 

0ULANTRO DEL MONTE; Eryngvum fastidum L. 

A very common seasoning herb occurring in fields and roadsides, 
0.5 to 1 m. The leaves, preferably used fresh, give a flavor much 
relished by many to stews, soups and even pastries. 

OTJLCAS; Egyptian Taro; Caladtum Colocasia (L.) W. F. Wight. 

Recently introduced from the U. S. Department of Agriculture 
and now growing at the Trujillo Plant Propagation Station. This 
relative of the common Malanga and Dasheen is one of the common 
crops of tgypt though it was probably brought there from the 
Orient in prehistoric times. 

CTJNDEAMOR; B a l sa m Apple; Momordica Balnamtna L. 

The young fruits of this and of the much rarer species M. Chu- 
raniia L. are occasionally boiled and eaten with meats and rice; 
ripe fruits eaten by children. The leaves are reputed to have 
medicinal properties. 

OUBUBA. Bee Parcha. 

CTJTITIBIBA; Lucumu macrocarpa Huber. 

A very rare recently introduced (from Brazil) fruit tree at the 
U. S. Experiment Station. Like most of the Lucumas the fruit is 
large and has a rich edible pulp. 

CUSTARD APPLE. Bee Coraz6n. 

CHARD. See Acelga. 
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CHAYOTE, Tayote; Ohrlatophlne; SeeMum edule, (Jacq.) Swart*. 

One of the commonest and best native Porto Rican vegetables. 
Boiled, baked, stewed with roots or meats, or (especially) “stuffed'’, 
it fills a place which no other plant can occupy. It succeeds best in 
the cooler, moister districts; a trellis or tree support is almost 
necessary; many fruits do not germinate and the young vine fre¬ 
quently lacks vigor; 3-10 m. 

There are fruit forms ranging in size from 8 to 20 cm. in length ; 
from smooth to exceedingly prickly; and from creamy white to 
green in color; these forms, however, are not named and it is prob¬ 
able that none of these ten or twelve “varieties” is absolutely stable. 
The root, if not too old (and woody) is quite edible, resembling a 
poor Water Yam when boiled. Exportable. 

CHESTNUT, MOBETON BAY. See Caatafio de Australia. 

CHEBIMOYA; Cberimuyer; Anno nil chert moha Mill. 

Recently introduced and extremely rare Central American first- 
class fruit tree. Will probably succeed in high valleys of the in¬ 
terior. 

CHERIMOYER. See Cherimoya. 

CHERRY. See Oereza. 

CHERVIL. See Cerafolio. 

CHIGHAROS; Bonavist Bean; Doluhos Labi a b L. 

Commonly cultivated in nearly all parts of the Island. Not 
marketed here in largo quantities, but could be exported in whole¬ 
sale lots since the demand is strong in New York for this first-class 
oh 1 bean; probably from Tropical Africa. Five varieties were 
brought in from St. Thomas in March, 1924; and about three kinds 
were in evidence theretofore. The plant usually produces a fairly 
steady crop for 6 to 10 months or more; generally trellised or al¬ 
lowed to run on fences or trees. All things considered, this is one 
of the best, if not the best species of bean for the garden. The 
flavor of some varieties is exquisite. 

OHICKORY. See Achicoria. 

CHICKPEA. See Garbanzos. 

CHILLI. See Aji Grande. 

CHINA, Naranja Dolce; Orange; Citrus sinensis (L.) Osbeek. 

Whereas the exact place of origin of this very old fruit will 
probably never be known, it appears certain that the Portuguese 
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spice traders first brought it from some port on the South China 
Coast to Europe at the beginning of the 15th century—400 years 
after the Arabs had taken the Sour Orange to Sicily. The Spaniards 
began cultivating the sweet orange probably about the middle of 
the 16th century, and they distributed it to Florida and their West 
Indian Colonies at that time 

Today the species is practically naturalized here in the moun¬ 
tainous coffee region. Several races may be distinguished which 
come true to seed, and in fact, very nearly all the trees of the so- 
called “wild orange” are “volunteer” seedlings. While there are 
but very few orchards of these semi-cultivated wild sweets, or 
“Chinas”, the number of scattered trees in and around the coffee 
plantations is tremendous; in the 1922-23 season over 300,000 boxes 
of this “wild” fruit were exported fiom the west end (and Ponce; 
of the Island, yet probably not 65 per cent of the total crop was 
shipped. In this connection it should be remembered that these 
“wild” trees are never pruned or sprayed, and many of the trees 
are so old (50 years, presumably) and their fruits are so small and 
so difficult to pick that they are abandoned. Many small packing 
sheds have been established along the roadways; mules and horses 
carry the bulk fruit down from the “fincas” to these sheds, and 
trucks then take the packed crates down to the coast; for many 
years the fruit went down to the ports (Mavagiiez and Aguadilla, 
mostly) in ox-carts and on pack animals, the spoilage, of course, 
being excess /ely great; yet, because of the extremely low price 
of these excellent oranges the shippers could compete with the 
grafted orange growers. 

The common China, produced very largely in the 150 square 
miles of territory in the western end of the Island, is a medium¬ 
sized, well eolored fruit with a moderate amount of “rag”, a good 
tough peel, and a sprightly, pleasant flavor. 

A “native” Navel variety (or perhaps several) was discovered 
east of Mayagiiez in 1903. 

Several practically seedless sorts have been found. 

The annual production of the seedling China trees is from 
250,000 to 500,000 boxes; heavy and light crops usually alternate. 

The crop of grafted oranges, mostly from the Bayamon and 
Manati-Vega Baja sections, runs from 1,000,000 to 1,500,000 cases. 
The acreage in 1920 was about 1,300; number of trees, about 100,000. 
The grafted (named) varieties were practically unknown during the 
Spanish regime; in 1900 a large (500-acre) tract near Palo Seco 
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was cleared and planted with the standard Florida varieties; Mr, 
William Allan was the pioneer in this industry which soon (1904- 
1910) spread along' the north coast, but never reached the famous 
fruit district of the western end. Little extension of the groves has 
been evidenced since about 1910. Many of the first orange groves 
were uprooted and replanted about 1908 to 1912 with grapefruit. 

The following varieties are established here: 

Jaffa, reputed to have been brought from Jaffa, Palestine; 
round, deep colored; juice abundant; seeds many, large. 

Joppa , a seedling (at San Gabriel, Calif.) from a Palestine 
orange was the parent (1877); oblong, slightly shouldered; 
skin thin, pebbled; sweet, fine flavor. 

Luc Gim Hong; the most popular of several varieties of 
oranges whieh hold their fruits for several months after 
ripening; eolor deep orange; very ju : cy with no “rag”, 
flavor sub-acid, quite sweet when fully ripe; nearly seedier. 

Mediterranean Sweet , and old (1870) California favorite; 
fruit round or ob’ate, small to medmm-s’zed; tree semi- 
dwarf. 

Norris , a rare old (1880) variety from Glenwood, Fla., round, 
early ripenning; very smooth skin, yellow tinged with deep 
red, nearly seedless; very juicy, “melting” pulp. 

Parson Broun , introduced about 1878 at Lake Weir, Fla.; 
size medium to large, quality fa*r; very popular here. 

Pineapple * .originated near Citra, Fla.; color deep red; flavor 
and odor suggest pineapple; one of the commonest here. 

Ruby, Ruby Blood; an old Mediterranean variety, fairly 
popular here; color or rind very good, hut the pulp seldom 
becomes red here. 

St. Michael , Paper Rind; an old variety from St. Michael; 
small, very thin-skinned, juice abundant, hut not well 
colored here. * 

Valencia , Hart's Late , Tardiff; An old favorite from the 

Azores Islands; introduced to the mainland in 1870, but 

probably not in evidence here till 1900; shape somewhat 

irregular; seeds very few, inclined to sourness; one of the 

best shippers and prolific, the most popular variety in the 
grafted groves. 

Washington Navel, Bahia , Riverside Navel (wrongly called 
“Nebo” and even “Neighbor”); this “King of Oranges” 
was introduced in 1870 from Bahia, Brazil to Washington, 
D. C. It is inclined to pithiness and coarseness here. The 
sub-races are: 

Australian , (with a thick skin, often closed navel; prob¬ 
ably from Australia). 

Buckeye , (with ridges of deeper color; from San Dimas, 
California). 
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Navelencia , (thin-skinned, large; from Duarte, California). 
Nugget, (with a crack in the skin; from San Dimas, Cali¬ 
fornia). 

Thompson , (early, of excellent appearance; introduced at 
Duarte, California, in 1891). 

CHOTTA, Limoncito; Sweet Lime, Lime-berry; Triphasia trifolia (Bourm. f.) 
P. Wilson. 

This widely naturalized Bast Indian shrub (1-2 m.) is often 
planted in gardens and sometimes escapes. The sweet mucilaginous 
pulp and the very aromatic oily peel of the small (1-1.5 cm.) red 
berry are edible and may be made into jam, marmalade, etc. De¬ 
serves a place in every collection. 

CHIVE . Hoc Oebollln. 

CHRISTOPHINE. Hec Ohayote. 

DAHLIA DE AZUCAR; Sugar DabUa; Dahlia pmnata Cav. (f). 

Three varieties of a sweet-rooted dahlia were presented by the 
New York Botanical Gardens in 1924; these have succeeded fairly 
well at Cayey and Yega Baja Model Farms. The roots contain 
inulin, like these of the Girasole (Heliantlius tuherosus L.) ; ap¬ 
parently they cannot compete with the Girasole. 

DASHEEN DE AZUFRE; Sulphur Dasheen; Caladium sp. 

Introduce 1 from Dominica in 3924; of very uncertain origin; 
has long been cultivated in the little-known interior of that island, 
hut is now rapidly being superseded by the far more prolific Trin¬ 
idad Dasheen. Planted along banks of streams. Forms large stools, 
10-20 side-shoots sending up leaves beside the old conn. The fecula 
of the mature eorm is distinctly yellowish, somewhat resembling that 
of the (Hawaiian) Manaa Taro. The petioles show considerable red¬ 
dish and bronze color below but are, on the whole, paler than those 
of most Colocasias. 

DASHEEN DE TRINIDAD; Caladium Colocasia var. esculent a sub-var. globuli- 
fera Engl. & Kr. 

This extremely productive root-crop was brought in 1903 by the 
writer from Trinidad, B. W. I., to the U. S. Experiment Station at 
Mayagiiez; it was sent from that Station in 1905 to the U. S. De¬ 
partment of Agriculture whence it has been distributed throughout 
the Southern States as one of the principal introductions of the 
Office of Foreign Seed and Plant Introduction. 

Since many similar varieties and sub-species occur only in the 
Orient and few if any are proved to be endemic in Tropical America, 
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it most probably was introduced in Trinidad, in some mysterioi 
manner, from the Far East in the early days of that Island’s colon 
zation. 

Unlike the common Malanga, this Dasheen bears numerous (20 1 
100) side cormels, or globose tuberous rhizomes, close to the mothc 
rootstock; both conn and cormel contain a fine-grained fecula lib 
that of the best Taros. No better root-crop for moist lands in tb 
Tropics exists. 

Although this important economic plant was introduced 22 yeta 
ago, it is only just beginning to enter into the list of crops grow 
by the Island’s farmers. A new lot of cormels was sent (from th 
U. S. Department of Agriculture) early in 1924 and a re-introdut 
tion was made from Trinidad in November, 1924; four of the Modt 
Farms are now propagating it for general distribution. 

The yield per hectare should be about twice as heavy as for th 
best Yautias. 

One of the greatest advantages of the Trinidad dasheen is it 
remarkably short season—6 to 8 months, instead of 9 to 12. It 
adaptability to a great variety of soils is another strong point. ^Th 
cormels and corms keep very well after harvesting. 

DATE. Bee Palma de D&tlL 
DATIL. Bee Palma de D&tlL 

DIENTE DE LEON; Dandelion; Leontodon Taraxacum L. 

A very common European spinach vegetable. This is behavini 
well at Trujillo Plant Propagation Station. 

DILL. See Eneldo. 

DURIAN; Durio eibetMnus L. 

This Philippine (and Malayan) tree, in the author’s opinion 
deserves to rank practically on a par with the mangosteen as th* 
world’s best fruit; 10-20 m. Introduced in 1920 at the U. S. Ex 
periment Station (several specimens in evidence), and in 1924 a 
the Trujillo Plant Propagation Station. While only one (?) tre* 
has succeeded well in the Western Hemisphere (Dominica Botanh 
Gardens) to date it is probable that this excellent fruit will giv< 
satisfactory results in this Island. 

The fact that its odor is strongly disliked by many people if 
only a negative factor as against its exquisite taste and its very higl 
degree of nutritiousness. The pulp of the fruit, somewhat resem 
bling in texture that of the Avocado, has three distinct flavors 
first, the highly aromatic, almost resinous flavor; second, the rich 
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cheeselike, satisfying taste; and third, the indescribable quality 
which makes Durian pulp more avidly relished than that of perhaps 
any other fruit. The fruits weigh from 1-3 kilos.* 

EGG-FRUIT. See Canistel. 

EGGPLANT. Bee Berenjena. 

ENDIVE. See Escarola. 

ENEA; Oat-Tail; Typha angust%folia L. 

This old cosmopolitan aquatic is common in fresh-water bogs and 
wet soil along streams, especially near the east coast. The long 
fleshy roots contain about 8 per cent of starch and according to 
tests made at the By-Products Plant in Mayagiiez a fair cattle and 
pig feed can be made (as m Europe) from them; the cost of labor 
here now for digging the rootstocks is prohibitive. 

ENELDO, Hlnojo; DU1; Anethum qraveolevs L. 

This European culinary herb is not very common but should be 
grown everywhere. Both seeds and foliage are excellent for “sea¬ 
soning”. 

ESCAROLA; Endive; Cichoritm Endivia L. 

This Indian salad vegetable is very rarely cultivated here. 

E8CHALOTA; Shallot; Allium ascalonicum L. 

A rar*, onion-like vegetable, sometimes cultivated though seldom 
seen in the markets. Closely related to Chive but milder in 
flavor; the angular, oblong bulbs distinct but flustered. Probably 
Asian in origin. 

This rare root crop from Central and Southern Europe is in 
evidence at Cayey Model Farm where it appears to succeed fairly 
well. 

E8PARRAGO; Asparagus; Asparagus officinalis L. 

This excellent vegetable (originally wild in Europe, with similar 
species in East Africa) is rarely planted here; the roots usually 
weaken after two or three years. The flavor of the young shoots 
here is strong. 

E8PINACA; Spinach; Spinacia oleracea L. 

This rather recently introduced salad does fairly well even in 
full sun when proper soil conditions are met. 

* The 4 or f> (or nioip) other bpecies of Durio which occur in Brunei, Sarawak, and 
presumably Dutch and British North Borneo should moat certainly be introduced as soon 
as potable The fruitB of these (not yet cultivated) fruit tTees have little or none of the 
objectionable odor of the common Durian 
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ESPINAOA SIN ABOMA; Herb Patience, Spinach-Dock; Sumex Patifntia L. 

A rare European salad plant being introduced through the Plant 
Propagation Station. 

ESPINAOA SIN ABOMA; Herb Patience, Spinach-Dock; Burner, PaUentia L. 
pause Murr. 

A splendid spinach becoming popular in limited areas here. 
The plants readily reach a good size and furnish over a long harvest 
period good crops of the tender branches which find a ready sale 
to steamers and occasionally to large grocery stores $ 0.5-1 m. 
Native of New Zealand. 

E6PONJA; Luff a, Vegetable Sponge; Luff a cylindnca (L.) Boom. 

The young fruits of this and of the much rarer species Luff a 
acutangvla (L.) Roxb, are rarely eaten in stews and mixed with 
rice. 

FEIJOA; Ffijoa Scllowiana Berg. 

A rare South American fruit shrub; introduced about 1904 at 
the U. S. Experiment Station in Mayagiiez, but has never succeeded 
well anywhere to date. This, being so closely related to the guavas, 
should be thoroughly tested both for its edible flowers and highly 
fragant fruits. 

FENNEL. See Hinojo. 

FIO. See Hi«ro. 

FIG, INDIAN. See Tuna Manna. 

FBAMBUESA AKALA; Akala Berry; Muhvs Mocrei. 

Received in January, 1925, from the IT. S. Department of Agri¬ 
culture, and planted out on a private plantation near Bay am on. 
Also plants of apparently two varieties of this fruit have been re¬ 
ceived (January, 1925) at the Experiment Station at Rio Piedras. 
This excellent Hawaiian species should prove of great value in our 
llubns work, 

FBAMBUESA AMABILLA; Himalayan, or Golden Evergreen, Baspberry; 

Bubua cllipticua Smith. 

Introduced recently by the Rio Piedras Experiment Station from 
Jamaica; of Asiatic origin. Plant erect, 3-5 m.; fruit yellow, 
small; plant usually large and very vigorous,—of probable advantage 
in our hybridizing work. 

FBAMBUESA AMEBIC AN A; Bed Baspberry; Bubus i deem L. 

Recently introduced from the mainland. Does not endure the 
climate well at the Rio Piedras Experiment Station, but may suc¬ 
ceed at the Cayey, Utuado, and San Sebastian Model Farms. 
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FBAMBT7E8A DE AU8TEALZA; Australian Raspberry; Subus sp. 

Introduced by the U. S. Experiment Station about 1911; fruited 
well in 1912. Promises well. 

FRAMBTJESA OOMTJN, Zarza, “Fresa ,, j Mountain Raspberry; Bubus rom- 

folios Smith. 

Very common on moist mountain slopes, especially at east end 
of the Island; occasionally cultivated (Bayamon). From south¬ 
eastern Asia; date of introduction very uncertain. Crop almost 
continuous; at Aibonito baskets of fresh, brilliant red berries are 
offered for sale at the roadside every day in the year. Berries fre¬ 
quently marketed. 

Being tested for variability and “sports”; may be used in Rubus 
hybridizing uork of Department. Color excellent; size fair but 
variable; flavor distinctive though not liked by some. 

The so-called “Balloon Berry” is an “improved” form with 
large, odd-shapped fruits. Some forms at the Cayev Model Farm 
have fruits 3-4 cm. in diameter. 


FRAMBUESAS MISCELANEAS ; Various Raspberries. 

The following 12 Rubi have recently been planted out at the Rio 
Piedras Experiment Station. 


Rubu* Thunbergii; from China. 

Rubus moluaanus L. var. Fairholmianus. 

Rubus moluccanus L. var. macrocarpus. 

Rubus Invuilis. Mich. The Dewberry of the Mainland. 
Rubus hybridus. A hybrid between R trivialis and a black¬ 
berry, grown in Florida. 

Rubus fructuosus; Bot. Gardens, Ceylon. 

Rubus ylomeraius; Bot. Gardens, Ceylon. 

Rubus innominatus S. Morre. 


Rubus lasiostylus Focke. 
Rubus adenophorus Rolfe. 
Rubus coreanus Miq. 
Rubus me}onasius . 


From U. S. Department of 
Agriculture. 


FRAMBUESA NEGRA; Blackcap Raspberry; Bubus occidental is L. 

Recently introduced. Will probably not endure the lowland tem¬ 
peratures well. 

FRAMBUESA DE NIEVB; Snow Berry, Bubus ijiveus Thunb. 

One of the very interesting Rubi from China, of recent intro¬ 
duction (at the Rio Piedras Experiment Station). 

Fruits red, orange, or bluish black. 
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FR AMBUESA DE QUEENSLAND; Queensland Raspberry; Bubua probus Bai 
ley. 

Introduced by the IT. S. Experiment Station. Resembles the com 
mon “f rasas” berry, but larger. Promises well. 

FRAMBUESA DE LOS ANDES; Purple Raspberry, Andean Berry; Rubu 
(flaunts Benth. 

This splendid species, recently introduced by the Tnsular Experi 
ment Station, from northern South America, bids fair to become 
one of the best Rubi under cultivation here. The beautiful fruit if 
comparatively large (1.5-2 cm.) and the plants are very vigorous 
Fruit black or purple. 

FRAMBUESA DE HAWAII; Akala Berry; Bubus hawannisis. 

Perhaps some forms of this (and the closely related species, R 
Macrei), are the largest of all the many Rubi —even larger than the 
enormous Colombian wild raspberry (R. glaucus Benth.), some 
fruits, according to Mr. J. P. Rock, the famous explorer and plant 
collector in Southern Asia, reach a diameter of 5 cm. There are 
several forms, some with yellow fruits some with fruits of a beautiful 
purple shade; and some varieties grow to enormous size.—S-Tm.^in 
length. 

FRESA; Strawberry; Fragaita clixloensxs Duchesne. 

Date of original introduction not known; but a variety apparently 
adaptable to tropical conditions was planted out in 1923 at Rio Pie- 
dras Experiment Station, the Trujillo Plant Propagation Station, 
and elsewhere. The plants grow well and at times bear fairly good 
crops of medium-size berries. Numerous seedlings of this variety 
are being tested by the Plant Breeder, Mr. J. P. Griffith, at the Rio 
Piedras Experiment Station; some of these are expected to show 
complete tolerance of our climate. Other varieties might adapt them¬ 
selves more readily. 

FRESA. See Frambneaa Oomun. 

FRIJOL; Oowpea; Vigna unguiculata (L.) Wolf. 

Probably of recent introduction, native of Tropical Africa. As 
a forage and food-plant it seems to be slowly gaining in favor. 
Numerous varieties have been tested, by the U. S. Agricultural Ex¬ 
periment Station, the Rio Piedras Experiment Station, and the Tru¬ 
jillo Plant Propagation Station; the variet ; es which appear best 
adapted to Porto Rican conditions are: New Era, Iron and Groit. 
Several of these varieties mature in 60 to 70 days. 
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GALLXTO, Bfcmlo; Agati grandtfloro (L.) Dost. 

This peculiar (monotypic) tree, 4-10 m., from Tropical Asia, is 
extremely common along roadsides and around gardens. The edible 
(boiled) fleshy, large flowers, and the half-ripe pods arc seldom used 
here as they are in other countries. 

The red-flowered form is very rare here. 

GAHDUL; Pigeon Pea, Congo Pea; Cajan Cajan (L.) Millsp. 

Potentially the most important food and forage plant of the 
Island. Country of origin unknown, and date of introduction (it 
any) uncertain. 

While in Hawaii this is str ctlv a forage crop, it is here grown 
almost entirely for its seed (used either green or ripe); there the 
acreage is over 10,000, here probably under 8,000. Near Ponce the 
first Gandul pasture in the Island is succeeding well; the plants 
endure drought well and recover promptly from heavy browsing. 

The most striking introductions at Trujillo Plant Propagation 
Station have been: “New Era” and “New Era, Strain D”, from 
Hawaii Agricultural Experiment Station, “Florida” and “India” 
from the U. S. Department of Agriculture at Washington, D. O.— 
the latter being the tallest (4r-5 m.) variety known. 

The following varieties have been tested at the Trujillo Plant 
Propagation Station and the Model Farms: 

Amarillo; a common variety from the Lares district of medium- 
size, very prolific, rather late in bearing. The pods are 
long, pale purple, and the ripe seeds ar*> a yellowish brown 
color. The leaves are very dark green. 

Americano; a variety from the Bio Piedras district, with pods 
having cross stripes of violet and brown; seed is large, 
white, with orange-colored spots. 

Blanco; this is probably the commonest of our “native” Gan- 
dules and is even exported in considerable quantities to the 
mainland. The pods are long with brownish sutures and 
stripes. Seeds gray with a dark hilum; plant very resistant 
to rust and good vielder. Two or three forms recognized. 

Blanco Chiquito; one of the famous Yaueo-district varieties, 
with a comparatively small pod striped with brownish marks: 
the seed is gray like the regular Blanco, the principal dif¬ 
ference between these varieties being in the size of the pods. 

Chdgaros; a large plant of good branching habit from the 
south side of the Island; flowers yellow striped"with dark 
red; pods dull green covered* with spots. Seeds large, 
grayish white with orange stains. Very susceptible to rust. 

Chino; this common variety from the Yauco district is of 
good size and has reddish flowers, very dark colored pods 
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and seeds of an orange or grayish color with a distinct 
large spot near the hilum. It fruits in six months and 
may be planted at any time of the year. 

Colmeno; a common (Yauco district) variety with very large 
grayish seeds. 

Dominica; one of the varieties brought from Dominica Bo¬ 
tanic Gardens has given excellent results. The seeds are 
shining orange color, round, and of good size; the poda are 
green, blunt and of good size. 

India; this variety was received in 3923 from the U. S. De¬ 
partment of Agriculture. It is apparently the largest of 
all known gandules, plants at the Trujillo Plant Propaga¬ 
tion Station reaching a height of 5 m. by the end of 1924. 
Tin* pods are very small, the seeds are unusually small 
with a yellowish color when dry. FI owners reddish. 

Largueno; a variety from the north side of flic Island having 

* slender light green pods and medium-sized white seeds. 

Manchado; a first-class variety having the pods spotted with 
brown and yellowish colors; the seed is of a beautiful 
bright orange color. 

Miami , or Florida; this plant w r as received from the IT. S. 
Department of Agriculture in 1923. Flow'er reddish; pod 
spotted; seed small, dark orange in color. This plant f9 
rather slow r in bearing and only moderately susceptible to 
the rust blight. 

Morado; a variety from the Lares district, with very large 
pods and reddish purple seeds with a white hilum. Usually 
a dwarf plant. 

New Era; from the Hawaii Experiment Station; this variety 
was received there from the V. S Experiment Stat ; on in 
Mayagiiez in 1903 and w 7 as bred up between 1910 and 1915 
into a very prolific strain which w as received back into Porto 
Rico in 1923 where it lias given splendid results at the 
Trujillo Plant Station. This variety is comparatively widc- 
spreading, and the slender long branches, w hen in good crop, 
bend dow r n to the ground. The seed is roundish and dark, 
while the pods are green. This variety is very susceptible 
to the leaf rust or ‘‘ blight”. 

New Era , “Strain D”; very similar to the regular New Era 
but is supposed to be about three weeks earlier. 

Parranetos; a distinct variety having short broad pods like 
those of the Lima bean, of a pure green color changing 
to yellowish w r hen ripe; the seeds are of good size and of 
light orange color 

Pinto Moro; the pods are brownish with yellowish markings 
and the seeds are small and white. 

St Kitts; among the several introduced from St. Kitts and 
the neighboring islands in 1924, one variety has given 
excellent results and is being distributed. The flowers are 
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small and pale yellow, while the pods arc pale gram, 0 f 
good size; and the seeds arc white, somewhat flattened, blit 
rather large. 

Todo Tiempo; a comparatively small erect plant with brown¬ 
ish-yellow flowers; small, flattened, tan seed; pods half 
green, half black, rather resistant to rust. The striking 
feature of tbs variety is ils very early fruiting habit and 
its frequently repeated 1'ght crops of seeds. 

Viequero; a variety from Vieques and the east end of the 
Island; pods very short and small; seed small, roundish, 
brown, with a short white hilum. 

Among the other varieties under test at the Trujillo Plant Propa¬ 
gation Station are: Qigante, Cangrejero, Sanjuanero, Patebuey, Pon- 
cefio, Multicolor, Colorado, St. Thomas, and about six or eight other 
unnamed sorts of doubtful position in our agronomy. The total 
number of distinct gandul varieties at present under general cul¬ 
tivation here is probably between 20 and 25. 

At the By-Products Plant in Mayaguez the half ripe seeds have 
been successfully dehydrated tvith the skin intact; when soaked 
in water a few hours these seeds regain their size and without loss 
of the “fresh taste’’ may be cooked as easily as fresh seeds. The 
leaves and young branches when dehydrated and ground make a 
cattle feed about equal to alfalfa meal; the analysis shows a protein 
content of 29.8 per cent; of crude fiber, 37.5 per cent, and of 
carbohydrates, 31.3 per cent. 

Experiments at the Farms ami Trujillo Plant Propagation Sta¬ 
tion indicate that the Gandul may be “topped back” several times 
without injuring the vigor of the plant. In Hawaii it is reported 
that as a pasture forage it may be “fed off” (by cattle or horses) 
for five to seven years without replanting. The normal life of the 
plant here is 1 to 2 years. Both the ripe seeds and the entire nearly 
ripe pods (like “string beans'’) are exported in considerable quantity 
to New York; the latter article is a recent venture thus far in the 
hands of only two or three exporters. 

GABBANZOS; Chick-Pea; Ctcer aru'Unum L. 

Very rare, practically always a failure in cultivation here. Prob¬ 
ably native to Mediterranean region. Heavy imports from Spain; 
selected seed imported by Spain from Mexico (Guadalajara district). 

GABOXNXA; Qarovnia tinctoria (DC.) Dawn. 

This handsome species was sent out about 1908 from fc the IT. S. 
Department of Agriculture; a fine specimen is in evidence in the 
old Dr. Leonhart collection near Bayamfm—now known as Villa 
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Leon and another is in Mr. H. I. Sewall’s ground at Naguabo; 6-9 
m. The fruits are 5-10 cm. in diameter, bright yellow and smooth 
skinned; the yellow pulp is very juicy, strongly acid, but of a very 
pleasing taste; one or two seeds. The fruit keeps very well; perhaps 
exportable. 

GAROINIA ESPINOSA; Gardnia spicata Hook. f. 

This Malaysian species was experimentally planted at the In¬ 
sular Experiment Station in 1924. 

GAELIC. See AJo. 

GENIPAP. See Jagua. 

GHEBKIN. Soo PepiniUo. 

GINGEE. See Jengibre. 

GIBASOL; Sunflower; Helianthvs arnuus L 

This old Composite originated in Central United States is now 
spread throughout not only the Temperate Zone but is invading 
the Tropics; 1-3 m.; twc forms under cultivation here but not 
planted to any extent. The seeds are frequently used for feeding 
poultry but the forage is seldom used here. No oil is made from 
1 he seed 

GOOSEBERRY. See GroseUa. 

GOOSEBERRY. See Hortensia de Bajuco. 

GOURD. See Gttiro. 

GRAMA; Bermuda Grass; Caprwla ilactylon (L.) Kuiitze. 

Cosmopolitan; probably the widest>spread grass in the world 
today. Propagated by cuttings. Spreads rapidl\ on dry ground. 
Does not endure heavy pasturing. 

GBAMA BLANCA; St. Augustine Grass, Running Crab Grass; Stenotaphrum 
stcundaium (Walt.) Kunt/e. 

This cosmopolitan pasture and lavui grass is one of the com¬ 
monest species in the Island. The flattened, thick, sweetish, creeping 
stems attain a length of 3-5 m. in good, moist soil. A white-varie¬ 
gated race is cultivated as an ornamental. 

GRANADA; Pomegranate; Pumca Granaium L. 

Very common third-class South Asiatic fruit-shrub, 2-4 m.; 
cultivated everywhere, but never in orchards. Several varieties, 
some having white, some red, flowers, are in evidence. The juice 
of the pulp cells is used for coloring and flavoring drinks. Oc¬ 
casionally eaten “out of hand”. 
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OBANADTXJiA; OrmuuUlU; Paasifiora quadrasgularis L. 

A very large vine from Central America, frequently cultivated 
in all parts of the Island; fruit by far the largest in the genus, 
more or less square with rounded angles, 10-25 cm. long by 8-15 
< 5 m. in diameter: the walls of the fruit are spongy or nearly firm, 
practically tasteless, but sometimes used in the preparation of dulces; 
the comparatively small cavity is partially filled with a mass of flat 
seeds enclosed (each) in a watery, sweet, aromatic pulp, the juice 
of which is used in preparing sherbets and drinks, or eaten raw. 

GRAPE. 8ee Parra. 

GRAPE. See Uva. 

GRAPES, OHIGGERY. See Nigua de Mcnte. 

GRAPEFRUIT. See Toronja. 

GRASS. See Grama. 

GRASS. See Malojillo. 

GRASS. See Yerba. 

GRENADILLA. See GranadUla. 

GROSELLA; Otaheite Gooseberry; Ctcca disticha L. 

Probably introduced long ago from the Orient, very common 
tree semi-eultivated throughout the Island, 4r- 8 m. The fruit, borne 
during the Iry season, may be eaten raw, notwithstanding its intense 
acidity, and is especially good cooked up into jelly or conserve with 
sugar. When cooked with sugar this yellowish fruit becomes dark 
red in color The decoction of the fruit is used in a popular drink, 
sweetened and iced, the fruit being discarded after a short period of 
boiling. 

GRUMIOHAMA; Eugenia Dorn be go na Skeols. 

Recently introduced (through the V. S. Department of Agri¬ 
culture) second-class fruit tree, 5-8 m. Distributing from Plant 
Propagation Station. Probably a valuable addition to our collection 
of Eugenia fruit trees. 

GUAM A; Inga Jaurina (Sw.) Wild. 

This very common (probably indigenous) coffee-shade tree (8-15 
m.) produces greenish, leathery pods containing a white sweet watery 
pulp surrounding the large green seeds. Jhese pods are commonly 
marketed in the coffee districts. Apparently not variable. 
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GUANABANA; Soursop; Atinona murioata L. 

First-class fruit tree, 3-6 m.; commonly cultivated throughout 
the Island. Fruits ranging from 0.5-1.5 kilos, extremely common ?n 
markets nearly the entire year. Eaten fresh, as dessert fruit, or 
the pulp used in drinks and sherbets. Soft rind and great weight 
prevent long-distance transportation; if picked green may be kept 
a week or more. Very slightly variable. Fruit frequently attacked 
by insects. Worthy of intensive cultivation and hybridization. 
Probably native. 

GUANABANA CIMARRON A; Mountain, or WUd, Soursop; Annona montana 
M&cf. 

As a wild fruit practically valueless, but an excellent fruit, be¬ 
lieved to be of this species, has been introduced by the Department 
from St. Thomas, A. V. I., where it is cultivated at Botany Bay. 

GUANGO. Bee Saxn&n. 

GUAR; Cyamopsis psoralioxdes DC. 

This very old Indian crop resembles the gandul in some points, 
but its growth is slower and the plants in the Department s testing 
plats reach only 1-1.5 m. The seeds (especially unripe, like the 
Gandul) and the young pods (like “string beans”) are boiled for 
human food; the foliage is a rich fodder. 

GUA8AVARA; Eugenia ceruginia DC. 

This indigenous tree of the waste lands in central Porto Rico 
has a height of 20 ra., and bears an oval or roundish, purple fruit, 
10-15 mm. in diameter. 

GUASAVARA. Bee Oaimitfflo. 

GUAVA. Bee Guayaba. 

GUAVA-BERRY. Bee Murta. 

GUAYABA; Guava; Psidmm Gvajava L. 

Several varieties of this native species are common throughout 
the Island and in point of numbers this vies with the Jobo as the 
commonest semi-cultivated fruit tree in the Island; 3-10 m. At 
least six distinct varieties arc in evidence in private and government 
institutions here; the small sweet, the small sour, the large round, 
the large pear-haped (rare) and other minor sub-varieties are in 
evidence. On account of a peculiar fungous disease (“mummy dis¬ 
ease”) the wild trees are frequently not very prolific, some pro¬ 
ducing practically no edible fruits at all. The fruit is used largely 
raw but is also cooked in the form of dulces, preserves, and especially 
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made up into a paste, a “crystal” or jelly, and a jam which to some 
extent are exported to the mainland. Also common in helados . 

GUAYABA DE FEES A; Strawberry Guava; Psidium cattlcianum Sabine. 

This first-class little fruit tree (native to Brazil) was introduced 
about 1900 from Florida by one of the largest fruit growers here; 
it has never been popular and only a very few specimens are in 
evidence. The fruit, although not very prolific, is one of the best- 
colored fruits in the world and the flavor is well above the average. 
Should be in every collection. 

GUAYABA BXLVESTBE; Wild Guava; Eugenia paeudopsidium Jacq. 

A shrub or small tree, S-12 m., in waste lands in the interior dis¬ 
tricts of Porto Rico and Vieques; fruit roundish, red, smooth, 10-15 
mm. in diameter. 

GUAYAB0TA-NI8PEB0; Maba Sintenisii Krug. & Urban. 

A fairly common tree from the mountain forests, endemic to the 
west central district. Fruit roundish, brown, about 3 cm. in diam¬ 
eter, with several seeds. • 

GUAYAVITA. See Malagueta. 

GUZNEA-OOBN. See MlUo. 

GUINEO, Banano; Banana; Mnsa sapientum * L. 

While wild species of Musa, for the most part nearly or quite 
inedible, are in evidence throughout most of the frostless regions of 
Africa, southern and southeastern Asia, the East Indies, and Poly¬ 
nesia, it appears fairlj r certain that the edible bananas and plan¬ 
tains which the Spaniards brought to Porto Rico in the 16th century 
came (westward) from northern and western Africa and the Canary 
Islands rather than (eastward) from the Orient. Just how they 
came and which varieties arrived first will probably never be known; 
if records of those important events were ever made it seems 
that all have been lost. The first reliable reference to these fruits 
in Tropical America is given by one of the Spanish narrators (Las 
Casasf) early in the 16th century; he mentions, very casually, in 
deed, the dispatch of some boats, manned by the crew from a vessel 

* The local name, (iuineo, would stem to indicate thut the early colonist* simply ap¬ 
plied to the strange new fruit the name of the region—Gulf of Guinea—whence they 
were beginning to obtain several new commercial items, including aluvcs,—just us the Da- 
fchien, or l)e la Chine, or lb s Indes, was named for the supposed region of its origin. 
Quite possibly it was in the llrst slave ships that there arrived here not only thg “Fruta 
ds Guinea”, but also the Same de Guinea, and the Yerba Guinea. 

Tn the French West Indies, the local name Figuo is applied to most types of Bananas, 
apparently -with no vuj good reason, since driid bananas (banana "fit,*”) were undoubtedly 
unknown at the time the misnomer originated 
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just arrived at Trinidad, up a river (evidently the Orinoco) for 
the purpose of securing a supply of fruits for the said vessel. 
How such large supplies were readily available up a river and not 
at the coast of Trinidad itself is a very perplexing problem. 

There is little doubt, however, that the only plant closely related 
to the banana and plantain in evidence here (or elsewhere in 
Tropical America) in pre-Columbian times was the Bihai, or Wild 
Plantain (Bihai Bihai [L.] Griggs); and this was of questionable 
importance as an emergency-ration root-crop. 

After the plantains, the bananas (as a class) follow second in 
importance as food fruits; unlike the mango and avocado they are 
on the market every day of the year. 

The young leaves are eaten by cattle and goats. The inside por¬ 
tion of the pseudo-stem is sometimes chopped up and fed raw to 
pigs. The bulb-like base of the “stem”, cut Tip in pieces, can be 
used like the stem middle; but at the By-Products Plant in Maya- 
giiez a fairly good swine and cattle feed was prepared by slicing, 
drying anti grinding the “names” of several sorts of bananas; 
about 5 kilos of raw root are required to yield 1 kilo of dry flour. 

The heart of the flower-bud, or pAmpana, is not used (boiled) as 
a table vegetable here—as it is (of some varieties) in the Philippine 
Islands. 

Accurate data regarding the source and date of introduct : ou of 
the 12 or more old (sic) varieties of these exceedingly important 
food plants of Porto Rico would be of great importance. 

Since 1901, the date of the establishment of the Federal Agri¬ 
cultural Experiment Stat’on here—first in Rio Piedras (in October) 
then in Mayagiicz (in April 1902)—some 15 or 20 varieties have 
been received, mostly from the Jamaica Department of Agriculture 
and the IT. S. Experiment Station at Honolulu, H. T.; a few suckers 
of several of these Indian (via Jamaica) and Polynesian fruits were 
distributed from the U. S. Experiment Station and may still exist 
in the Island, but it appears that nearly all of the said varieties 
were unfortunately lost. Among those lots were the famous Hua 
Moa, or Egg Banana, of Hawaii, with excellent fruits about the size 
and shape of a turkey’s egg; the Rajah, a choice Indian variety 
similar to our Rosa; and the Martaban. 

In the fiscal year 1904-5 the following very interesting varieties 
were presented by the Agricultural Experiment Station at Honolulu, 
H. T.: Hai, Kapua, Maole, Lele, Ae-ae, Popoulu, Brazilian, Apple, 
Striped. 
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Presumably several if not all of these were distributed from the 
Federal Experiment Station at Mayagiiez; only the Hai, however, 
appears to be in evidence now at that Station (and at Vega Baja 
Farm and Trujillo Plant Propagation Station). 

At the end of the said fiscal year there were no less than 68 
varietal names of bananas and plantains in the collection at the 
Mayagiiez Station. 

The estimated annual crop is about two million bunches. 

Deplorable confus ; on of varietal names has long existed, not only 
here, but in the Orient as well; the synonymy.work (to determine 
just which varieties were really distinct), begun at the U. S. Ex¬ 
periment Station in 1903, was not completed.* Actually, only four 
types of true Bananas are in general cultivation here now. The va¬ 
rieties now in evidence here are: 

Colorado; one of the commonest and cheapest of our bananas; 
also the largest,—attaining 8 m. or more in rich moist soils 
in mountain lavines. The reddish or brownish-purple col¬ 
oring of the “stem”, midrib, and fruit is deeper, perhaps, 
than in any other Banana, though many have as highly 
colored fruits and some have darker leaf-bases. 

The quality of the sub-cylindrical, blunt-ended fruit is very poor 
and is not considered as safe, even when quite ripe, for eating raw; 
baked in its skin and served hot with butter and spices it is not 
a bad table fruit. Excellent cattle feed was made at the Mayagiiez 
By-Product* Plant from the nearly ripe fruits—by running the en¬ 
tire bunch Birough a forage-cutter, dehydrating, and grinding; at 
15 to 25 cents per hundred fruits the cost of this Highly nutritious 
meal was around 7 cents per kilo. 

This variety requires 12 to 15 months to mature. It is highly 
resistant to disease. 

Colorado lUawo; this is merely the green form of the Oolo- 

* Dunns the period of 1911 to 1914 the author built up for the Bureau of Agricul¬ 
ture of the Philippine Government, the largest collection of Musa varieties ever assembled 
with the object of determining their synonym} I 15 noting what differences, if any, existed 
among the various members of the many gioups 01 types, all grown in one field under iden¬ 
tical conditions Success could not attend such a tnsk except under \ery favorable circum 
stances; yet the need for su<h a work was and still is urgent Nearlj complete collections 
of the Banunas and Plantains of Pnpuu, Siam, lndo China and the Philippine Islands (the 
countries richest in musaceous Howe) were received (r/rafts) —some 50 or more varieties from 
each country; and most of the other tropical countries likely to furnish valuable materia] 
donated their quota Over 730 names were indexed, after discarding a large number of 
obvious synonyms; some 15 countries were represented, several new tjpes of fhese fruits 
were brought to light; and many botanically new specie* sub-species, and varieties were 
(some time afterward) described; probably not less than 300, and perhaps around 400, 
distinct forms of these plants were in evidence Possibly 100 others, in out-of-the-way cor¬ 
ner* of the Old World Tropics, still await the courageous pomologiit. 
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rado. No part (except the “p&mpana”) has any of the 
purple color. The ripe fruit has the same pasty or slimy 
pulp as the Colorado. The odor of the well-ripened fruit 
is better than that of most other West Indian bananas, 
though not to be compared with some of the fragrant 
Oriental varieties. 

Less common than the Colorado, or at least much less con¬ 
spicuous. Grown in the coffee plantations. 

Ddtil, Guineiio, Nino, de Rosa; Lady’s Finger \ Fuj Banana; 
whether 1, 2, or 3 really distinct forms are included under 
these names, is at present debatable; only a prolonged tes T . 
growing several “cepas” of each reputed sort side-by-side 
with all the others in the same soil, can solve tli s question.* 

The plant is of medium size (3.5-5 m.) but rather slender 
and weak. Fruits in 11 to 13 months. Resists fairly well 
the fungus diseases. 

The extreme sweetness and delicate flavor of the pulp, its 
thin peel, delightful perfume (when thoroughly ripe) and 
dainty appearance have won for this excellent fruit the 
first place among all table bananas here; yet the bulk of 
the bananas marketed are, or course, of the Guaran variety. 
Ditiles are especially good fried in oil or butter—one of 
the few items on our menus which we never tire of. 

Peeled and dried whole these splendid little fruits are an 
excellent dessert confection; they are sometimes sold as 
‘ 4 banana figs”; at the By-Products Plant in Mayaguez 
some difficulty was experienced in determining the right 
stage of ripeness at which to dry, the correct temperature 
(to hold the fresh fruit flavor), and the degree of dehydra¬ 
tion (to avoid fermentation on one hand and over-hardness 
and darkness of color on the other). 

A teratological “freak” variety, known as the Tirabuzon, or 
Corkscrew, has the hands arranged in a continuous spiral 
on the rachis. 

The magnificent Rajah (from India) and the several rosy or 
purplish-fruited races should he in evidence here; the Rajah 
fruited here first in 1904; the one (?) Purple Date plant 
was destroyed about 1902. 

Guaran f Giganie; the very common large-fruited variety 
which for thirty years has been the piece de resislence in 
the banana export trade. Rather small (6- to 9-hand) 
bunches are shipped during the past few years to New 
York in the “off season”, but no plantations are maintained 
here for the export trade. Most of the 100 to 200 bunches 
consumed daily in San Juan and Santurce come down by 

* Allowing for the variations naturally attributable to the efforts of soils, droughts, de 
tree of vigor, etc, there ure, in the author’s opinion, two forms* one short, very sweet, sod 
inclined to show small spotB of color on the ripe peel; and a longer, larger, less sweet va¬ 
riety Any or all the names, however, may be applied to either variety here 



THE POOD PLANTS OP POETO BICO 


127 


track from small fincas in the interior districts. This va¬ 
riety is seldom cooked here. 

Oigante Ena/no; the preposterous name (dwarf giant) of this 
rather rare but widely known variety requires changing: 
Guar&n Enano would be preferable, but would still leave 
some confusion with the true Enano (M. Cavcndishii). 

A flour has been made at the By-Products Plant, the -fruits being 
dried just before ripening; the taste of Guar&n flour, however, is 
not pleasant to most people and efforts to thus utilize the vast quan¬ 
tities of wasted fruits in other Tropical American countries has 
practically always resulted in failures—even during the World War, 
when millions of bunches rotted either on the plantations or on the 
dump-heads at the shipping ports, while only a few desultory at- 
temps at drying the pulp for export as flour were made. The fecula 
of this variety, however, is rather gummy and unless dehydrated (as 
in the drying apparatus at the By-Products Plant) thoroughly is 
liable to mould. 

Manzana, or Apple; a very common, second-class old variety 
grown both for market and home use by the farmers of all 
districts. Non-variable; some bunches, however, have fruits 
most of which contain hard lumps of ill-flavored pulp. 
The very thin delicate peel frequently splits if the bunch 
is allowed to ripen in sitv. 

Monte Cristy; a very large form of the common Guaran, or 
Gigante. The fruit is greener and of enormous size. '“John¬ 
son” may he another name for this variety; bunches of 20 
hands or more are sometimes reported. 

GUINEO ENANO, Chinese, or Dwarf, or Canary Banana, Musa CavendisMi 

I jamb. 

This very interesting species (of uncertain, but probably South 
Asian origin) is becoming one of the commonest bananas in Porto 
Rico. Two advantages it has over the other Musas: it resists the 
banana disease very well, and it is not so badly damaged by the 
wind. Its short, rigid leaves on very short petioles, and its sturdy, 
blackish, very short “stem” are distinctive features; the flower- 
bud, or p&mpana, is close to the terminal hand, i. e., there is no bare 
space on the rachis; the bunch is comparatively heavy, and some¬ 
times tips over the plant unless propped up well. The medium¬ 
sized fruit never becomes yellow; the thinnish green peel sometimes 
splits; the bouquet of the ripe fruits is exquisite. Because of its 
tendency to separate from the rachis, even^ before full ripeness, this 
Banana is not a “good shipper”.* 


* In thp Australasian countries the hands are cut off, -wrapped separately, and packed 
in crates, thus avoiding the tear in the skin at the base—and immediate inception of decay. 
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As grown here the enano seldom reaches 2.5 m. in height of 
pseudo-stem. Nearly twice as many plants may be set on a given 
area as in the case of the Guar4n. 

A variety (Doble, or Double) exists in which the “stem” divides 
into 2 or 4; and each of these may prdouce a double rachis: thus, 
theoretically (but never in evidence), one bulb might bear any 
number of bunches up to eight. 

GUINEP. See Qnemepa. 

GUTNGAMBO, Qulmbobd; Okra; Abelmoschus eaoulentus (L.) Moeuch. 

One of the commonest garden vegetables throughout the Island. 
Three varieties are recognized, only two of which arc common. The 
unripe fruits are used in soups and stews, salads, and with rice; 
usually sold in small bunches in the markets, practically throughout 
the year. “Home-grown” seed succeeds well. 

GTJIRO; Gourd; Cucurbita lagcnana L. 

Only the half-ripe fruits of this common Cucurbit are (very 
rarely) used for food. The local variety is much inferior as a food 
plant to the Upo of the Philippine Islands, whose fruits reach 80- 
150 cm. in length. 

HABA; Lima Beam; Fhaseolus lunaius L. var. macrocarpus Benth. 

An old favorite; possibly indigenous; widely cultivated. Several 
varieties grown for the local markets; a medium-sized white-seeded 
form the commonest Bush Limas are being tested. Not so “re¬ 
sistant” as the Bonavist, but more popular. 

The Philippine “Patani” variety (of a distinct typcl succeeds 
very well here. 

HABA DE SIEVA; Civet or Sieva Beam; Fhaseolus lunatus L. 

This smaller-seeded Lima with pods having a long sharp beak is 
grown with and confused with the true Limas. 

HABIOHUELA; Kidney Bean; Fhaseolus vulgaris L. 

One of the commonest major food crops of the Island. Exact 
place of origin uncertain, but according to Las Casas and Oviedo, 
the Arawaks and other Indian tribes of the Antilles used one or 
more bean-like seeds as food. 

About 6 varieties are widely cultivated and marketed, some 20 
others are in evidence at Government institutions and on private 
estates. Some sorts appear largely dependent on their special root- 
nodule bacteria and will not grow well in new fields; others seem 
to be so well “acclimated” that they grow off well almost anywhere. 
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The dwarf (var, nanus Aschers) or bush, forms are grown on a 
larger scale (sometimes in fields of several acres extent) than the 
pole beans. 

Several varieties imported in enormous quantities. 

HABIOHTJELA ATERCIOPELAD A; Velvet Bean; StieUolium Deeringianum 
Bort. 

Bather recently introduced from United States and grown partly 
as a cover, partly as a forage crop. Seeds not eaten here. One of 
the most rapid-growing forage plants. Seldom made into hay. At¬ 
tains 20 m. 

An 4 * improved’ * 4 4 bush ’ 1 form is being tried out; 1 m. 

HABIOHTJELA GALANA; Scarlet Burner Bean; Vhaseolus multifiorus Willri. 

This old species, native to Tropical America, is cultivated both 
as an ornamental and as a food plant The very large beautiful 
seeds are not so delicate in flavor as the Lima, and should be used 
before fully ripening. 

HABIOHTJELA S07A; Soy Bean; Soja Max (L.) Piper. 

About 15 varieties of this Oriental grain and forage crop have 
been distributed by the Federal Experiment Station, Insular Ex¬ 
periment Station, Model Farms and Trujillo Plant Propagation 
Station; 1-1.5 m. Some varieties are badly attacked by leaf fungi 
and some yield very poorly. Not yet under cultivation in the citrus 
plantation . 

HABILLA; Wild Yam Bean; Cacara erom (L.) Knntze. 

Fairly common is a semi-wild state. The seeds are not used 
here. 

HATJM; Amaranthus tricolor L. 

A recently introduced salad plant from the Philippine Islands; 
1 m. It is really only a variety of the common species which has 
been developed into a nearly fiberless spinach-like vegetable. 

HEBB PATIENCE. See Espinaca Sin Aroma. 

HEDIONDA; Coffee Senna; Ditremexa occidentalis (L.) Brittou & Rose. 

A cosmopolitan weed, 1-1.5 m. The small (4 mm.) brown seeds 
are occasionally used like coffee in preparing a hot beverage. 

HEDIONDILLA; Wild Tamarind; Leuccena glauca (L.) Benth. 

Probably indigenous, extremely common shrub in drier- districts, 
2-6 m. Foliage, much relished by goats, has a mysterious but 
pronounced depilatory action on horses and swine. 

HBVX See Jobo de la India. 
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HIBRBA GATERA; Catnip; Nepeta Cataria L. 

This temperate tea and seasoning herb does not endure the heat 
well here, but at Trujillo has grown to 30 cm. 

HIGO; Fig; Fums Carica L. 

First-class fruit shrub, 2-5 m.; probably introduced long ago, 
but nowhere successfully cultivated as a crop. Nematode worms 
presumably weaken the root-system so much that little or no fruit 
is produced in most eases. 

The “ Lemon’’ Fig type may give fair results at Villalba and 
Sabana Grande Model Farms. A small tree bears well at the Rio 
Piedras Experiment Station. 

2HNOJO; Fennel; Fcpntcuhm Faeniculum (L.) Karsten. 

This old European seasoning herb is cultivated for its strong- 
flavored seeds. 

The Florence, or Sweet, Fennel, (var. dulcis Alef.) has succeeded 
very well indeed at both Vega Baja Farm and Trujillo Plant Propa¬ 
gation Station; at both places these plants quickly reach a height 
of about 1 m. and produce magnificent umbels fully 10 cm. in diam¬ 
eter; the highly aromatic and fragant leaf-bases are not relisl^d 
here. 

HISOPO; Hyssop; Hyssopua officinalis L. 

A first-class seasoning herb from Europe and Temperate Asia, 
growing well at the Trujillo Plant Propagation Station. 

HOG PLUM. S(*c Jobo. 

HONDAPARA; ViUcnia \nd%ca L. 

A magnificent large Asiatic tree introduced about 3903 at the 
IJ. S. Experiment Station. This tree has fruited heavily for many 
years but it has few descendants in the Island. The fruits attain 
a diameter of 30-15 cm. 

HORSE RADISH. See R&bino Picante. 

HORTENSIA; Pereslcia grandiflora Haw. 

A shrub or small Brazilian tree, 4^6 m., armed with very long 
strong spines. Fruit pear-shaped, reddish Cultivated; a fine speci¬ 
men at Villa Le6n, near Bayamon. 

HORTENSIA DE BEJUOO; Barbados Gooseberry; Pereslcia Pereslcia (L.) 
Karst 

Cultivated occasionally; a slender woody vine, practically spine¬ 
less, up to 10 m.; fruit reddish-yellow or reddish, 1-2 cm. in diam¬ 
eter; pulp acid. Indigenous. 
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XOAOO; Oocos-plum; Chrytobalanva Icaco L. 

A third-class fruit-shrub, 1-5 ra.; probably indigenous; very 
common near the coast in waste ground; never cultivated, and 
seldom marketed. Fruits variable in color, white or pale pinkish, 
or purplish black. Petals cuneate. Pulp dry, sweet. 

Another species (C. pellocarpus G. F. W. Meyer) having spatulate 
petals occurs on hillsides and, according to Britton & Wilson, is 
"probably a race of” C. Iraco. 

Tf.AMA ; Annona dtverstfolia Sofford. 

First-class fruit tree, 5-7 m.; recently introduced; native to 
Mexico and Guatemala. A lot of seedlings, presented by the U. S. 
Department of Agriculture, is distributing from the Trujillo Plant 
Propagation Station. Fruits combine the good qualities of the Gua- 
n&bana, the Anon and the Corazon. Two forms, a sweet, white- 
pulped and an acid, pink-pulped, with many sub-forms are known. 
Probably exportable. 

JABOTIOABA; Probably Myrcuiria caultflora Berg. 

Recently introduced first-class fruit tree. At Rio Piedras Ex¬ 
periment Station. Brazilian. Four or 5 species are included 
under this common name; all should be tested here. 

J AC AN A; Lncuma multiflora A. DC. 

An indigenous large tree, especially common on the south side 
of the Island; 20-30 m.; fruit ovoid or obovoid, 3-5.5 cm. long, 
usually ore-seeded; amount of edible pnlp smal 1 but good. 

JACINTO; Nasturtium; Tropeolum majus L. 

In the higher localities (especially at Barranquitas) this beautiful 
plant grows luxuriantly. For flavoring fresh salads there is no 
better culinary herb; the unripe seeds, the flower buds, and the 
young leaves are excellent eaten fresh or pickled. Partial shade at 
aea-level allows the plants to make a larger growth (0.5-1 m.). 

JAGtTA; Qenlpap; Genipa americana L. 

Fourth-class fruit tree, 5-15 m.; native throughout Island, never 
■cultivated. Fruit used in making a tonic drink and other similar 
preparations; its strong unpleasant flavor and odor render it objec¬ 
tionable to most individuals. No variation noted. The fruit is 
■quite commonly sold in the markets. 

JAK; Artocarpus integrifolia L. 

This second-class, East Indian fruit tree (5-10 m.) has been 
fruiting for several years in various parts of the Island. Probably 
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all the other races (perhaps some 25 or more) would succeed here 
at sea-level as well as the one now established. 

The nearly ripe or ripe seed (beter than that of the Seed Bread¬ 
fruit) is fairly good boiled or roasted. The pulp, hardly edible raw, 
when boiled with sugar makes a fair “dulse”; it should be thor¬ 
oughly ripe—almost fermented. 

JAMBOLANA; Java Plum; Syzyyvum jambolanum (Lam.) DC. 

Introduced through the U. S. Experiment Station at Mayagiiez 
in 1903. Still extremely rare. Propagating at Trujillo Station. 

JENGIBRE; Ginger; Zmgiber Zingiber (L.) Karst. 

This Old-World spice root was early brought to Porto Rico by 
the Spanish colonists and during the 16th century was an extremely 
popular crop here—in fact its cultivation at one time so threatened 
cane culture that an edict had to be issued restricting its cultivation. 

Very few fields specifically dedicated to ginger growing are in 
evidence here although the total acreage of scattered areas runs into 
hundreds; the total production is probably 50 to 100 tons now as 
against several (300 to “700”) hundred tons around the close of 
the 16th century. ^ 

On account of the expensive labor here now it is impossible to 
peel the roots as is done in Jamaica, and largely for that reason 
the Porto Rican article is not known to any great extent on the 
mainland market. Several tons of roots were dried during the 
1923-24 season of the By-Products Plant at Mayagiiez and some of 
this material has been held over for one year partly to determine 
its keeping quality in sacks. 

It appears there is a belief in the New York market that the 
Porto Rican root contains less oleo-resin, but this matter has not 
been positively settled. 

Authorities differ as to whether the root grows best in sandy or 
in clay soils. The plant endures partial shade but, especially in 
the cooler regions, grows well in full sun. There is apparently no 
variation, however, in the species here. Should a practical method 
be found therefor and should the mainland market require it, extract 
of ginger could easily be made here, or even powdered (ground) 
ginger. 

JENGIBRILLO; Turmeric; Curcuma longa L. 

This Bast Indian species is naturalized in Porto Rico, occurring 
in many areas as a persistent weed which is difficult of eradication. 
The orange-colored rootstocks are of good size and rich in coloring 
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material, but no market has been obtained for them in the mainland 
thus far. Locally, however, a moderate quantity of the root is used 
in coloring foods. 

JOBO; Hog-Plum, Yellow Mombln; Spondias Mombtn L. 

Native third-class fruit tree, 2-20 m.; probably never actually 
cultivated, but extremely common (perhaps numerically the most 
abundant fruit tree in the Island) in all districts; planted (stake 
cuttings) as fence posts. Variable, but fruits always yellow, with 
comparatively little pulp; relished by animals. Probably the prin¬ 
cipal host plant of the West Indian Fruit Fly ( Anastrepha fra- 
terculus.) 

JOBO DB LA INDIA; Hevi; Spondta i dulcis Frost. 

Introduced second-class fruit tree, 5-20 m.; fairly common in 
cultivation. Quite variable; probably easily improvable. Brought 
to Jamaica with the Pana from Tahiti in 1793. Select varieties 
may be propagated in the same manner as the Aguacate: cuttings 
do not root well. 

JOBILLO, Oiruela AmarUla; Sponduis nrouella (Bello) Tumult*. 

This variety, much more rare than the common Ciruela, occurs 
on west end of the Island. The tree closely resembles the Ciruela 
but the fruit never has the purple or reddish shades. The pulp 
seems to be somewhat sweeter and the fruit is rather larger. 

JOB'S.TEaBS. Bee Oamindulag. 

JOHNSON OBASS. Bee Yerba de Johnson. 

JOJOBA; Jujube; Zttiphus mawntiana Lam. 

This Oriental species has been introduced through the Insular 
Experiment Station. It is apparently succeeding. 

JOJOBA; Jujube; Ztciphus jujuba L. 

Recently introduced second-class fruit tree, 5-9 m.; at Rio Pie- 
dras Experiment Stat'on. Will probably succeed at San Sebastian. 
Cayey and TItuado Model Farms. 

JOJOBB. Seo Jujuba. 

JONQOIUiO; Beggarweed; Meibomia purpurea (Mill.) Vail. 

This exceedingly common old Tropical American weed has been 
cultivated here since 1900, partly as forage but largely as a nitrogen- 
gatherer; at Palo Seco plants have reached a height of 3 m.—twice 
the normal size. 


KATIE. See MlUo. 
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KALE. See Bern. 

KALE, CATTLE. Seo Berea de Ganado. 

KAKX; Japanese Persimon, Kaki; Diospyios Kaki L. 

Introduced by the Mayagiiez Experiment Station in 1903, this 
first-class fruit tree hafi not well withstood the climate; a few small 
trees are in evidence at Trujillo. 

KALPI; Citrus uebberi P. .T. Wester. 

One of the 25 or more interesting citrus fruits endemic in the 
Philippine Islands; 5-10 m.; introduced (seed) in February 1925 
from the Philippine Bureau of Agriculture; propagating at Tru¬ 
jillo Plant Propagation Station. 

A “very variable species”, according to the discoverer and 
author P. J. Wester, Agricultural Advisor to the Philippine Gov¬ 
ernment; some forms have juicy, acid fruits up to 10 cm. or more 
in diameter. A promising stock. 

KARANDA; Arduina Carandas (L.) Britton. 

A recently introduced second-class fruit shrub, 2-4 m., of East 
Indian origin. Seeds presented by Bureau of Agriculture of Phil¬ 
ippine Islands; now distributing from Plant Propagation Station, 
Trujillo The black, oblong, red-pulped fruits for jellies, sauces, 
ete. 

KEMHJ; * Coleus rotundifolius Chev. & F. 

Tubers of this very interesting and potentially important new 
crop were received in 1025 at the Trujillo Plant Propagation Sta¬ 
tion from the College of Agriculture, Los Banos, Luzon, P. I.; 
native of French West Africa; 0.5 to 1 m.; three or four distinct 
races of two or three species are grown for food by certain tribes 
in the Western Sudan. The name Kemili is applied to this species 
in Sumatra and it has been adopted by Mr. P. J. Wester in his 
“Food Plants of the Philippines”. 

The irregular-shaped tubers, much smaller than those of the 
Girasole, are quite sweet and somewhat aromatic; according to 
Wester it is reported to yield from 30 to over 40 tons of tubers 
per hectare. 

Easily propagated from cuttings. 

* In 1907 the discoverer of this species, M Chevalier, piesented a collection of Wont 
African edible Coleus tubers for teat b> the U 8 Department of \gnculture, these were 
probably the first specimens to reach the Western Himisphcrc and were carefully grown In 
large pots in the Department’s greenhouses where they succeeded so well that the tubers 
overflowed their containers 
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KETBMBXLLA; Dovyalia hebecarpa Warb. 

A shrub or small tree from Ceylon, recently introduced from the 
Philippine Islands (Bureau of Agriculture). First-class fruit, acid, 
purplish, 2-2.5 cm. in diameter; suitable for jellies and sauces. 
Distributing from Plant Propagation Station at Trujillo. 

KIKUY U GRASS. See Yerba Kikuyu. 

KOHLRABL See Oolinabo. 

KOKAM; Kokam Butter; Garctnia indxca Choisy. 

A specimen of this splendid fruit tree is in evidence at the U. S. 
Experiment Station. The fruit resembles the Mangosteen but is 
more acid as to pulp, with more numerous seeds; these seeds are the 
source in India of an edible fat called Kokam Butter. 

KOLA. See Cola. 

KUDZU; Kudzu Vine; Puerana hirsuta Schneid. 

This Japanese forage vine has never given satisfactory results 
here, although its perennial rootstocks are an important factor in 
its favor. The velvet bean is far more popular. 

KUMQUAT LARGO; Oblong Kumquat; Fortunella maryanta (Lour.) Swingle. 

Nowhere planted commercially, but fairly common among the 
citrus groves of the Island. Relished by many as a dessert fruit, 
and frequently preserved (as jam, marmalade, etc.) the exquisite, 
distinctive* flavor of the peel, as well as its bright color, and the at¬ 
tractive shape of the (whole, halved or sliced) fruits place this 
species in a class by itself. 

Three or four hybrids have been made by the citrus specialists 
of the Bureau of Plant Industry of the U. S. Department of Agri¬ 
culture : 

Limequat, with the lime 
Orangequat, with the orange. 

Citrangequat, with the citrange. 

Not only are the blended flavors of these hybrid fruits of die¬ 
tetic interest, but the hybrid character of root, leaf, and branch 
may show advantages from the cultural point of view. 

KUMQUAT REDONDO; Round Kumquat, Marumi; Fortunella japonwa 
(Thunb.) Swingle. 

A much less common species than the oblong but occasionally 
found in citrus orchards here. 

The newly introduced (at the Plant Propagation Station at Tru¬ 
jillo) Meiiva may, perhaps, be included under this species. 
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LAOUOHA; Lakoocha; Artocarpua lalcoocha Bozb. 

This excellent Oriental fruit tree was introduced in 1921 at the 
U. S. Experiment Station; 10-15 m. The fruit, resembling a small 
irregular-shaped breadfruit, has a rich creamy pulp which is eaten 
without cooking. Very rare in the Western Hemisphere, but has 
fruited in Trinidad for many years. 

LAKOOCHA. See Lacucha. 

LANG8AT. See Lanz6n. 

LANZON; Langsat; Lan&ium domesticum ,Jacq. 

Very recently introduced and rare, first-class fruit tree, 5-8 m.; 
growing well at Rio Piedras Experiment Station. Distributing 
from Trujillo Plant Propagation Station. An excellent Philippine 
fruit, occurring in several varieties. 

LEAF-BEET. See Acelga. 

LECHESELLO. See CaixnitWo. 

LECHOSA, Papaya; Papaw; Carica papaya L. 

This very old cultivated tree of unknown original habitat has 
long been a common plant in all parts of the Island; 3-6 m. Escaped 
from cultivation in waste grounds in the lower elevations. Practi¬ 
cally always dioecious although male trees sometimes bear small 
fruits. 

Both the young and the ripe 1‘ruitR are used, the former frequently 
made into a dulce with syrup. The ripe fruits are a popular break¬ 
fast or dessert fruit. The base of the trunk of young vigorous 
plants is also used, grated and boiled with sugar and flavoring. 

The papain gum is not collected from the green fruits here. 
The red-fleshed varieties, common in the Philippines and the Canal 
Zone, are extremely rare here. While some fruits may reach a 
weight of 2 kilos the average size is about 1 kilo. 

LECHUGA; Lettuce; Lactuca saUva L. 

One of the commonest of the “temperate” vegetables; grown 
mostly during the rainy season and winter months. Many varieties, 
mostly of the head type (L. sativa var. capitata L.) are grown; the 
Cos, or Romaine ( L . sativa var. longifolia Lam.) also does well in 
certain conditions. History unknown. 

LEEK See Puerro. 

LEMON. Sec Lim6n. 
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JJ3MONXME; Citrus aurantifolia X C. TAmomm. 

Specimens of this interesting new hybrid were received December, 
1924, from the U. S. Department of Agriculture and are now grow¬ 
ing at Trujillo Plant Propagation Station. The “Mexican” Lime 
was the male parent. 

LEBEN; Sweet Com Boot; Calathea Allouta (Aubl.) Tindl. 

Probably one of the principal food plants of the aborigines; on 
account of its inability to produce seed now it has obviously been 
under cultivation for thousands of years. Apparently indigenous 
throughout all the larger West Indian Islands and presumably in 
considerable areas in northern and central South America; yet it 
is doubtful whether it was ever in use by any of the prehistoric 
races of the mainland. It is one of the few primitive American 
crops showing today no tendency to variation in any part of the 
its wide range of habitat. 

Unfortunately, this old crop requires a very long time,—not 
less than 15 months and usually about 18 months for maturing 
the tubers. 

These tubers are almost unique in having a semi-transparent 
area in the center, although the texture and flavor of the entire 
fecuia seems to be about the same. When well grown in loose moist 
soils these “eyc”-less tubers are of a fairly regular oval shape from 
2-5 cm. in length; the thin yellowish cuticle covering the snow- 
white star by fecuia is roughened by the points of attachment of 
the numerous fine roots which supply part of the nutriment to the 
tuber. Th > slender stem which attaches the tub* to the central 
rootstock is 5-10 cm. or more long. Propagated only by division 
of the “cepa”, or cluster of rootstock bases. 

Especially while cooking and while hot these tubers give off a 
pronounced odor of sweet corn and, if eaten when freshly cooked, 
they also have the taste. In 1903 the} were introduced into the 
State of Florida and distributed from one of the largest nurseries 
there under the name of “Sweet Corn Root”. 

Most markets of the Island sell this interesting root crop from 
about December to May. The price is comparatively high but they 
are a favorite ingredient in stews, soups, etc.; also good cooked as 
a separate dish and eaten with butter or a milk gravy. 

LBNTEJA8, Lentils; JtJrvum Lens L. 

Very rarely grown, never as a crop, but occasionally fruits fairly 
well. Very old legume, from S. Europe. * 

LENTILS. See Lentejas. 
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LETTUCE. See Lechuga. 

UBATO; Basella rubra L. 

A very luxuriant, almost fiberless trailing vine, native of Trop¬ 
ical Asia, introduced several years ago as a salad plant. Two or 
three varieties, one green and one with purplish leaves are in evi¬ 
dence; 2-4 m. or more. These so-called “ spinach M plants endure 
full sunshine in the rainy season but are perhaps better grown in 
partial shade. Their principal fault is their laek of distinctive 
flavor. 

LIME. See Lim6n Agrlo. 

LIME-BERRY. See Chinlta. 

LIME , SWEET. See Ghinita. 

LIME, SWEET. See Lim6n Dulce. 

UMEQUAT; Citrus auiavtifolia X Foriunella japonica. 

Two varieties, the Eustis and a seedling of this interesting 
hybrid, were received in December, 1924, from the U. S. Department 
of Agriculture. 

The Eustis hybrid was made between the Mexican Lime and the 
Marumi Kumquat. The seedlings may or may not “come true'**to 
half-and-half type; the chances are that they will show considerable 
variations. 

UMON; Lemon; Citrus Limonium Risgo. 

Rather rare in fruit orchards, but usually very prolific and fairly 
vigorous, 2-4 m.; Asiatic in origin. Practically no local demand 
and, without expensive curing processes, hardly saleable in competi¬ 
tion with the bright, “cured”, imported fruit. 

The Sicily and Villa Franca seem to be much the most common 
varieties; the very large Powlcrosa is not marketed. Some few 
trees, apparently seedlings, practically worthless, have been found 
in out-of-the-way places. The export crop of Sicily lemons varies 
from 1,000 to 2,000 boxes per year. 

A splendid variety of citrus fruit known as “California Dwarf 
Lemon” and presumably originating in China (collected near Pekin 
by Mr. Prank N. Myer about 1908) has been in evidence at the 
Insular Experiment Station since 1922; this tree is spineless, 
the leaves resembling the Lim6n de Cabro, round, smooth thin- 
skinned fruits about the size of a small orange but with a 
flavor; this variety is now being propagated for wide distribution 
throughout the Island. 
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LIMON BOBO. See Lim6n de Oabro. 

LIMON AGBIO; Lime; mtraulifolia (Chiistni.') S\Ag 

Very common everywhere, but never cultivated in orchard form, 
2-5 m.; of Asiatic origin. Comparatively little variation in the 
native variety. Commonly marketed but seldom exported; prob¬ 
ably 75 per cent of the crop is not used. Nowhere sufficiently 
abundant to warrant attempts to utilize the juice; some citrate of 
lime was produced in 1923 at the Mavagiicz By-Products Plant from 
local fruits. 

The fine large Tahiti , the htanypur, and a few other varieties 
have been introduced (about 1903) ; other varieties should be tested. 

LIMON DE OABBO, Lim6n Bobo; Rorgh Lemon; Citrus hybrid 

Probably an old natural hybrid (or cultigen) between the true 
large Lemon (C. Limonhtm) and some fruit like the citron, or 
some pomelo; distinct from, but close to, several of the rare Philip¬ 
pine fruits, some of which are apparently natural hybrids (existing 
when discovered, in 1912-15, as only a few individual trees growing 
in small isolated areas 1. 

A widespread but rather uncommon old fruit, semi-cultivated, 
2-5 m.; famous as a stock for orange, grapefruit, etc. Rarely used 
as a fruit; the peel is sometimes preserved as a dulce or even 
candied. Slightly variable, but grows true from seed. Excellent 
root systei . for shallow soils, and a fairly rapid stock. 

LIMON DULOE; Sweet Lime; Citrus Unutta Risso 

Never common, but widespread, rather popular, very thorny 
shrub or small tree, 2-6 m. Somewhat variable; probably two oi 
three forms recognizable here. 

Has no particular interest or value; a tree, however, should 
always he in evidence on every farm and in all fruit collections 

LIMONCITO. See Chinita. 

LITCHI; Leechee; Litchx chine nuts Sonn. 

A first-class Chinese fruit tree recently introduced; 8-15 m.; 
fruit bright red, 2-4 cm. in diameter, the rind covered with promi- 
ment fleshy tubercles encloses a very juicy white pulp and a moder¬ 
ately large seed. 

Three specimens about 4 years old arc in evidence in the collec¬ 
tion of Mr. Ilarold T. Sewall, Naguabo. * 

LOCUST, WEST INDIAN. Sec Algarrobo. 
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LONGAN; Euphoria Longana Lour. 

This second-class Indian fruit tree has been introduced at the 
IT. S. Experiment Station; 5-10 m., but fruiting frequently at 
much smaller size. While closely related to the delicious Litchi the 
fruit is usually too sour to please most people. The fruit and plant 
are quite variable. 

laOQUAT; Eriobotrya japoniea Ldl. 

Second-class introduced (from Asia) fruit tree, 3-6 m.; has 
fruited for years at the Federal Agricultural Experiment Station 
at Mayagiiez; growing at Rio Piedras. Variable; named varieties 
in Japan; would probably succeed better above 500 m. elevation. 
LUFFA. Hoc Esponja. 

LLAGBUMO; Trumpet-wood; Cteropia peltata L. 

All indigenous forest tree, 10-20 m. The fleshy mulberry-like 
elongate fruits (5-6 cm. long) are quite edible, but not used here. 
A variety (“C. palmata Wild.”), introduced about 1910 into the 
Philippine Islands and listed by Wester as “Yaruma” has fruits 
15-25 cm. long and 1.8 cm. in diameter. 

The leaves are an excellent forage, fresh or dried. 

MABI; Colvin ina rcchnata (L’Hei ) Brogu. 

This native tree attains a height of 20 m. The bark is a ma¬ 
terial of considerable importance, used in the preparation of a very 
popular drink; a decoction of the bark added to sweetened water 
is allowed to ferment overnight and thus develop considerable ef¬ 
fervescence. An imported variety (from Jamaica?) is cons ; dered 
superior to the nathc and is sold in the drug stores. 

MADROfirO; Khe(d\a madnum (IF. B K.) Tr & PI. 

First-class fruit tree, 5-10 m., recently introduced (through the 
V. S Department of Agriculture, Washington, I). C.) from Central 
America. Of the same family as the Mangosteen, this species is a 
valued acquisition, and is growing well. 

MAIZ: Maize. Indian Com; Zra Mans L 

Several thousand acres of Flint Maize are grown, mostly in the 
southwestern districts; plantings are made in April and May or 
in August and September, usually. Very litle Dent and no Flour 
Maize grown. Some meal is imported for human food and for stock 
feed; small mills (particularly at Mayagiiez) and hand stoues pro¬ 
vide a fair (usually coarse) product. The consumption of meal is 
probably increasing but it should constitute a much larger propor- 
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tion of the 4 'small fanners’ ” diet; as proved in one of the hottest 
countries (Java), maize is’not especially "heating”; when parched, 
dehulled, and finely ground (as in Nicaragua; pinol and pinoUllo) 
and taken as a (thin gruel) beverage, or made into tortillas as in 
Mexico, there is no crop that could take the place of Maize in the 
interior districts as a cheap rich food; these ways of using the grain 
are not yet in evidence here. Immature ears are often marketed. 

MAIZ DULOE; Sweet Com; Zea Mays L. var. rugom Bonaf. 

One of the most difficult temperate crops to grow near sea- 
level in the Tropics of either Hemisphere. In the higher elevations 
some varieties can probably be grown with care. A hybrid (pre¬ 
sented by the St Croix Agricultural Experiment Station in 1924) 
between "Mexican June” and a local variety is being tried out with 
little hope of success. 

MAIZE. See Maiz. 

MALAGUETA, Guayavita, Ansa; Wild Cinnamon, Bay; Amomis caryophyllata 
(Jaeq.) Krug. & Urban. 

An indigenous tree fairly common in the forests and on hillsides, 
both in moist and dry districts; 10-15 m. This tree is seldom ac¬ 
tually cultivated in groves but is frequently semi-cultivated espe¬ 
cially in the south western part of the Island. Here the leaves are 
not used to any great extent for seasoning purposes; neither are the 
fruits use« , as they really might be, as a spice. Many tons of oil 
are manufactured annually, principally in Oabo Rojo, Ponce and 
fruayama; crude stills are used; much of the oil is wasted and no 
attempt at rectification is made. 

MALANGA; Taro; Caladuim Colocasia (L.) W. F. Wight.* 

This very old root-crop probably originated in India, thence 
spreading eastward through Polynesia—where it exists today under 
some 50, or possibly 75, forms. It probably reached the West Indies 
late in the 16th century. 

No large fields of Malanga are in evidence here; it is usually 
planted along stream margins and in wet soil in the hills. The 
rhizome, usually weighing 3 to 6 (or occasionally 10) kilos when 
mature, is perhaps the cheapest food sold in the markets. 

The extreme fineness of the texture, the smallness of the starch 
grains (about 1/10 the size of those of the Yautia), and -the large 
amount of "gummy” substance in the feeula prevent using this 

Formerly known as Colocasia anHquortm Schott var. esculcnta (L ) Schott. 
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cheap root as a source of starch: the emulsion of the grated root 
in water ferments before the light starch grains can settle. 

The peeled and dried rootstock makes an excellent meal, of value 
as an invalid food (“Taroena”). The rarity here of even small 
plantings of this very cheap food crop is hard to explain. 

MALAY APPLE. See OMa. 

MALOJILLO, Yerba ParA; Pari Grass; rmneum barb mode Trin. 

This South American grass has long been widely cultivated as 
one of the two commonest forages of the American Tropics; succeeds 
better in wet fields, but will endure almost any soil if drought does 
not interfere. Propagated by stem cuttings: the short pieces of the 
orts from stables, taken out with the manure, frequently sprout in 
crop fields, the species thus becoming a weed. Not regularly pas¬ 
tured; the cut fodder is sold in “manojos”, or bundles. At the 
By-Products Plant at Mayagiiez, a meal, which keeps indefinitely in 
sacks, can readily be prepared (by cutting, drying, and grinding) 
from the fresh forage 

MAMEY; Santo Domingan Apricot; Mammcn americana L. 

This handsome old native species occurs throughout the IslRhd, 
especially in semi-abandoned fenee-rows and on hill slopes; 5-20 m. 
Absolutely non-variable. The pulp is occasionally consumed raw put 
is usually made into a paste, conserve, or (lulce. The seeds are not 
used. The leaves are frequently used to form protective cylinders 
to guard young plants, sucli as tobacco, against the attacks of the 
changa; most trees in the vicinity of tobacco fields are anually 
stripped of their leaves and small branches for this purposes. Prob¬ 
ably of real importance to the Arawaks. 

MAMEY 8APOTE; Marmalade Plum; Achias Zapota L. 

(This species has heretofore been known in pomology as Lucvma 
mammosa [L] DC.). 

Probably indigenous first-class fruit tree, 10-20 m. Remarkably 
rare in Porto Rico at present: probably less than 25 mature trees 
exist in the whole Island. Apparently not variable, and Porto 
Rican fruits appear to be identical with those of Panama and Mexico. 
Dessert fruit which requires, in the minds of many, some special 
treatment to render it entirely agreeable, probably on account of 
a mawkish, strong flavor and not very pleasant odor. 

MAMEYUBLO. Bee Sapote de Oosta. 



THE POOD PLANTS OF PORTO RICO 


143 


MANDARIN A; Mandarin, Tangerine; Citrus nobilis Lour. 

Sparingly cultivated throughout the Island; probably introduced 
by the Spaniards. Only one variety, King, has been extensively 
planted here. The following varieties (( 7 . n. var. deliciosa Swg.) 
are found among the citrus groves on the north side of the Island; 
others should be tested; at least 6 good varieties occur in Trinidad 
and the Windward Islands; in the Orient there are many. 

King. This very (and justly) famous variety stands in a 
class by itself; it is 2 to 4 times the size of the regular 
Mandarin. Here its color never becomes high enough 
tr command a fair price—unless allowed to fully mature 
(when it is likely to rot). Reported to have originated in 
one of the royal groves in Siam. Extensively planted in 
1901, but the trees were soon afterward cut back and re¬ 
budded. Becoming popular locally. 

The following hybrids of this excellent species have been produced 
by the IT ft. Department of Agriculture and, it is hoped, all can 
soon be tried out here: 

Satsumelo (with the Grapefruit) 

Oranguma (with the Orange) 

Oitrunslm (with the Povrini s* trifoJiata Raf ) 

Oitrandarin (with the P irifoliata) 

Oitranguma (with the Citrawge) 

Citrangarin (with the Citravqp) 

Sii.melo (with the (\ Oravdis (LA Osbeek) 
ftia nor (with the V sinensis (L.) Osbeek) and the Tangelo 
Ol-v.) 

MANDARIN A SATSUMA; Satsuma Orange; Citrus nobihs \nr. Unshiu Swingle. 

This sub-species, which has succeeded so well along the Gulf Coast 
of Southern States, has not l>een well represented here. Tn January, 
1925, about twentv-fhe 2-vears-old plants of the Owari variety were 
set in the nur&eries of the Trujillo Plant Propagation Station. None 
of the many other Oriental varieties seem to have been introduced. 

MANDARIN. Roc Mandarina. 

MANGO; Mango; Man gif era indica L. 

Prom some points of view this old Indian tree is today the prin¬ 
cipal fruit tree of Porto Rico, since it reaches more people and is 
of greater importance in the way of food for the masses than any 
other species. According to Dr. A. Stahl* the mango was introduced 
; n 1740 by Mr. Fitzpatrick, grandfather of^don Santiago McCormick. 

However, the crop period is comparatively short—June to Oc¬ 
tober; and the great majority of the trees bear only very inferior 

* A manuscript note in “Estudio sobre la Flora de Puerto Rico”, 1868. 
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types of fruit. Almost every tree, outside of the Federal Agri¬ 
cultural Experiment Station collection (some 500 specimens), the 
smaller groves of the various Insular Government’s properties, and 
those grafted trees on a few private estates, is a seedling; and, while 
certain types here do reproduce fairly true from seed the genoial 
run of trees indicate a tendency to vary, and hence there are hun¬ 
dreds of slightly distinct forms although the number of native types 
is perhaps less than 10. 

Theoretically, all the old native sorts are polyembryonic: i. c, 
each seed germ divides into 2 to 25 or more and under favorable 
conditions each of these plantlets may grow into a tree almost exactly 
like its parent; hut there are still some factors in polyembryony 
that are not well understood, and the whole subject of mango varia¬ 
tion requires much more study. 

The seedling races of mangos in Tropical America are much bet¬ 
ter known and, of course, much fewer than those of the Orient, 
while those of Madagascar and the East African coastal area are very 
imperfectly worked up. The chief types of Porto Rican mangos are 
as follows. 

Blanco; an extremely common prolific race. 

Largo; a small, very fibrous variety. 

Mangotina; a small or medium-sized fruit, common on the 
south side. 

Pina; really a group name applied to several second-class 
varieties from all districts of the Island. 

Redondo; a roundish, good-sized fruit. 

Other country names are Toro; one of the commonest native 
sorts; Rosa, Pazote, Masa, Manila, Jlebra. 

The above varieties are all large, dense-headed forms, usually 
beginning to bear at three or four years of age (4-6 m.) and reaching 
a height of 15-20 m. Heavy crops of fruits are usually borne every 
two years. Rains on the north side of the Island seem to interfere 
with the setting of the fruit, though this affects the grafted varieties 
more than the natives. 

Since the Mango grows so rapidly even in exposed sites on hili- 
sides it is frequently planted as a wind-belt. It is also used for 
charcoal; and the leaves can be fed to cattle (as in Vieques) in time 
of drought. A pig and cattle feed has been made at the Mayagiiez 
By-Products Plant from green mangos and also from the seed 
kernels of ripe fruits. The sugar content of the ripe fruit pulp 
varies from about 10 per cent to nearly 16 per cent; the acid content 
varies from one-fourth to one-half of one per cent A diet composed 
almost entirely of mangos appears to be quite safe for a good number 
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of days, and during mid-season in some of the interior districts 
whole families subsist largely on these fruits. Domesticated animals 
also can live on mangos. 

The introduction of budded India varieties from the Orient began 
about 1903, through the Experiment Station at Mayagiiez. So mo 
of these varieties came from Florida, others directly from the U. S. 
Department of Agriculture at Washington, D. C. Various introduc¬ 
tions have been made by private parties, especially in the Island 
of Vieques, and there are probably today a considerable number of 
grafted trees, the names of which have been forgotten or lost. 

The presence of the West Indian Fruit Fly (Anmtrepha fra - 
tereulus Wied.) militates against the export of Porto Bican mangos, 
although comparatively few fruits here arc attacked by the fly and 
then only when ripe—usually when lying on the ground rotting. No 
large orchards of grafted mangos are at present in evidence here and 
it is not likely that any will be established in the near future. Many 
of the introduced grafted varieties are severely attacked when in 
flower on the north side of the Island, by the common Mango Blight 
(Colletotriehum gloeosponoides Hume) and this fungus is so severe 
in most districts on the north side that few or no fruits set although 
the trees may be apparently in full vigor. 

The following varieties of grafted mangos have been introduced 
from the IT. S. Department of Agriculture, from the Botanic Gardens 
of Trini ad, Martinique, Guadaloupe, and Jamaica, and are now 
established here: 

Alphonse , or Hafu; one of the West Indian varieties, a good 
producer of fiber-free fruits. 

Ameeri, or Amiri ; a large sour fruit with little fiber. 

Amini; a smallish yellow, high-flavored nearly fiberless sort 
from Bangalore, India. One of the best, since it bears 
regularly here. 

Arbutknot; a small, very sweet and juicy yellow or greenish 
fruit with a firm, dark, yellow flesh. 

Bennett; or Douglas Bennett’s Alphonse; one of the best of 
the West Indian Afoos, or Alphonse, type. 

Bhadauria, Bhaduria; a small, poorly colored fruit with a 
fibrous, subacid pulp. 

Bombay Green; a smallish, green-skinned variety, very sweet, 
fiberless. 

Bombay Yellow; a small or medium-sized, yellow or red-tinged 
fruit, with very juicy and sweet pulp of excellent flavor. 

Borsha; a rare medium-sized variety, green-skinned (or red- 
tinged), of good quality. 

Brindabani; small, green or yellowish, with very juicy, highly 
aromatic pulp with excessive amount of fibers. 
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Bulbtdchasm; small roundish, greenish, variety with juicy and 
spicy but very fibrous pulp; the Porto Rican trees under 
this name have either varied greatly from the old Saha- 
runpur type or else arc mis-named; here the fruits are 
borne large, nearly fibrous and of a peculiar bronze or pur¬ 
plish red color. 

Cambodiana; this medium to large regular-shaped, popular 
variety is precocious, prolific and vigorous; the fruits in 
Hawaii are resistant to the Mediterranean Fruit Fly but 
here it is one of the most susceptible to the attacks of the 
West Indian Fruit Fly. Introduced in 1902 (as a seed) 
from Saigon by the IT. S. Department of Agriculture and 
sent to the Experiment Station at Mayagiiez about 1907. 

Carabao; the justly very famous Philippine variety, fiberless, 
large and of extra fine flavor; comes true to seed 

Chcmpadan; a very rare Indian variety. 

CHnioise; one of the many strong-flavored varieties from the 
French West Indies. 

Coxta fimnt; sent to the Federal Agricultural Experiment 
Station as the ‘‘common fiberless” vaiietv from some locality 
in Costa Rica, C A. 

Curacao; a very inferior variety from Curasao. 

Davy’s Favorite; medium to large oval fruit; pulp dry, ant¬ 
acid with little fiber. 

Dirim ; an inferior variety from Guadaloupe (or Martinique). 

Emma , or Ennvrea; large, long with juicy, firm, well flavored 
pulp. 

Faizan; medium, green to yellow, with good, flavor and small 
seed. 

Fajri , long; a long, large-sized fruit; skin uneven, green, 
tinged with yellow and red; pulp sweet, nearly fiberless. 

Fernandez; this old Bombay variet.v fruit* well in the“Jardin 
de la Convalescencia/' at Rio Piedras; a medium-sized or 
large fruit, late in season, of excellent flavor. 

Cola; a large, old Saharunpur variety; pulp sweet, juicy, 
w r ell flavored, nearly fiberless. 

Gopalbhog (seedling) ; small, roundish, old variety with very 
sw r eet aromatic flesh. 

Gordon . or General Gordon; a splendid fruit of uncertain 
origin (but probably introduced here from Jamaica) which 
is bearing very well ju the “Convalescencia” garden; green 
to orange or even reddish; fiber medium, very prolific; 
unfortunately monoembryonic. 

Haden; a seedling of the Mulgoba originating (1910) at 
Coconut Grove, Fla.; one of the best large mangos (450- 
550 g.). 

Hafu; this is one of the Alphonse, or Afoos, type from India. 
Itamaracd; the strange “tomato-shaped” mango of Brazilian 
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origin; color poor, but flesh very spicy and aromatic and 
nearly free from fiber; very late. 

Jamshedi; very similar to if not identical with the Mullgoa. 

Julie; an excellent West Indian variety presented (in No¬ 
vember, 1924) by the Trinidad Department of Agriculture; 
probably best flavored of all the West Indians. 

Kavhmahua; a smallish Saharunpur fruit with good color and 
an excellent but fibrous pulp. A seedling of this variety 
has been noted, according to P. J. Wester*, as having a 
raspberry flavored pulp. 

Kissenbhog; (seedling); the true Barblianga fruit is large, 
roundish, with a “rosy-pink”, sweet, fiberless, pulp of good 
flavor. 

Kisiapal; a small, yellow to reddish fruit; pulp, sweet, juicy, 
with little fiber. 

Lang r a , lage; a medium-sized, roundish old variety of poor 
color, but good flavor, very sweet but somew'hat fibrous. 

Madras; an old Saharunpur variety of medium size; skin 
brownish yellow to reddish green; pulp fair, fiber little. 

Malda; a name which may apply to several varieties originating 
in or near that famous city of India; one variety (Kumra- 
jali) is said to attain a weight of 2,700 grams, the largest 
mango and perhaps the world’s largest single-seeded, dicoty¬ 
ledonous fruit; some have the flavor of cantaloupes, some 
the fragance of roses, some are blue, some red; all should 
be brought in here. 

}jt 7 ler; a rare variety from Amritsar, India. 

Martin; one of the high-flavored Martinique varieties. 

Martinique; a short-oblong, flattened fruit of poor quality. 

MfL ongensis; a rare mango presumably f*rum Burmali. 

Mulgoba; this was the first grafted variety to be introduced 
(1899) from Poona, India, into Florida; a smallish, but 
very beautiful, fair-flavored fruit; very popular. 

Mullgoa; a variety of uncertain origin; large, acid, aromatic, 
with a trace of turpentine and fiber. 

Nahababadi (seedling); a small greenish or reddish yellow 
variety; pulp sub-aeid; juicy, fibrous. 

yucka; medium-sized brownish or yellowish; pulp aromatic; 
juicy, fibrous. 

Palieri , Pairi , Pirie; medium or large; golden yellow marbled 
with green,* garnet red on sun-exposed side, with a bluish 
white bloom; pulp aromatic, sweet, rich. 

Perc Louis; a small West Indian mango; roundish, or kidney¬ 
shaped; pulp sweet, juicy, fibers fine. Presented (No¬ 
vember, 1924) by the Trinidad Department of Agriculture. 

Peter 9 s No. 1, Peters; a medium-sized fruit of uncertain origin, 
beautiful appearance, fair flavor and no fiber. 

"A Descriptive List of Mango Varieties in India”, by P X. Weater 
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Pico (seedling); an excellent variety from the Philippine 
Islands, long, fairly large, fiberless, sweet. 

Heine Amalie; one of the French West Indian varieties. 

Sandersha; the largest mango in Porto Rico; fruits from a 
mature tree at Villa Leon, near Bayam6n, sometimes reach 
a length of 20-25 cm. and weigh up to nearly 1.5 k.; nearly 
fiberless, pulp sour except near the skin; color yellow or 
greenish. 

Sanditria (seedling); a small, roundish variety with smooth 
yellowish or reddish skin; pulp dry, very sweet; good 
flavor. 

Sans Pareille; an inferior variety introduced from Martinique; 
size medium; color yellowish bronze; flavor too strong, 
sweet; fiberless. 

Savoy; a Martinique variety of unknown merit. 

Sing a pur, Singapuri; an old Saharunpur variety, large, 
green-and-orange skin; pulp sweet, somewhat aromatic, in 
flavor resembling the Loquat. 

Sufaida; a very large fruit which has given excellent results 
in Porto Rico; color fair; flavor good; seed small, skin 
too thin, sometimes splitting (like that of the Sandersha), 
covered with a thick whitish “bloom”. 

Svnahra (seedling) ; small or medium-sized variety; c&lor 
fair; pulp very sweet, rather fibrous. 

Surkha; medium large variety from Saharunpur; yellow to 
reddish; flesh yellow, juicy, of good spicy flavor, fibrous. 

Totapari, or Totafari; introduced from Bombay in 1902 by 
the Experiment Station at Mavagiiez and sent hither in 
1907. 

Some efforts have been made toward canning some of the semi- 
cultivated fruits here, but it appears that the mango pulp oxidizes 
readily and the flavor changes rapidly even after thorough steriliza¬ 
tion in the can. Dried mango pulp has been prepared at the By- 
Products Plant at Mayagiiez. A preparation of mango pulp with 
sugar is sold as “pasta de mango” but this is of small commercial 
importance; some of this material is occasionally exported to the 
mainland. 

MANG08TAN; MANGOS TEEN; Garcvtw Mangostana L* 

This, the best fruit in the world, was introduced by the author 
in 1903 at the Federal Agricultural Experiment Station, from 
the Botanic Gardens, Trinidad, B. W. I. From the original lot of 
seeds 2 plants have survived and for several years have been pro¬ 
ducing fairly good crops at the said Station. Five seedlings have 

* In Dapitan, Mint anno, the author found in 1911 tnea over 10 m in hught— prob¬ 
ably the largest in the world 
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been introduced through the Trujillo Plant Propagation Station 
from the Dominica Botanic Gardens during the past 2 years and 
these are growing as rapidly as could be expected. Seedlings are 
also being propagated at the Federal Agricultural Experiment Sta¬ 
tion. The two old trees are now over 5 m.—above the regular 
height of the trees in evidence in the Mangosteen orchards of Ma¬ 
laya. 

MANX; Peanut; Aiaclits hypogcea L. 

Widely cultivated in the drier districts, but nowhere on a large 
scale. Probably Brazilian. Prefers light, sandy soil The Spanish 
variety is the only one grown to any extent; two or three other 
varieties are doing very well both at Vega Baja Farm and Trujillo 
Plant Propagation Station. Deserves extended trial; varieties re¬ 
sistant to fungus diseases may be found. 

MANTECA DE SHEA; Bhea Butter; Pmtadevma butyracea Don. 

Recently introduced (presented by the Dominica Botanic Gar¬ 
dens) by the Department; distributing from Trujillo Plant Propa¬ 
gation Station. Splendid tree, 10-20 in. West African. Large 
seeds contain edible solid fat, exported in vast amounts to Europe. 

MANZANA; Apple; Mai w* Malux (L.) Britton. 

This fruit has been repeatedly tried in various parts of the Is¬ 
land; the want of a resting period, it appears, gradually weakens 
the trees till pests or physiological troubles cause death. Red As- 
trachan and Early Harvest fruited first in 1906 at the Federal Agri¬ 
cultural Experiment Station. 

MABAOA; Edible Ganna; Canna edulis Her. 

This magnificent species is indigenous to the West Indies and 
South America and was probably cultivated here by the Arawaks. 
2-3 m. 

Fifteen tons of rootstocks per acre are obtainable in good moist 
soil. No variations have been observed. 

The starch grain is one of the largest known (about .30 times 
larger than that of the yautia), and largely for that reason Maraca 
starch cannot be used for laundry purposes; the grains, however, 
are most easily removed from the fecula. The fibers in the roots 
prevent their use on the table. Not widely cultivated at present. 

MARAN TA. See YuqnlUa. 

MARAffON. Hoo Pajuil. 
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MARIO AO; Byraonma spioaia (Cav.) DC. 

An indigenous forest tree, 10-25 m. The small (9-11 mm.) 
fruits quite edible. Related to cerezas. “Occasionally planted in 
Porto Rico”, according to Britton & Wilson. 

MARANGUEY; Zamia latifoliate Prencloup. 

An extremely common Cycad occurring in the northern lime¬ 
stone hills, abundant in the Vega Baja and Manati districts. The 
stems are frequently partially hidden in holes in the limestone rock; 
a lever, especially in rainy weather, can readily remove the roots. 
When the scaly rind is removed and the smooth fibrous interior is 
grated, a very white starch is obtained,—which may be used for 
either eating or laundry work The juice from the grated root is 
extremely poisonous, and the starch must be thoroughly washed 
before cooking for the table. 

MARANGUEY DE GUANICA; Zamia portoriccn/ns Urb. 

This species is confined to the dry southwest portion of the Island. 
The starch from its roots is undoubtedly just as safe for human 
consumption as that of the other species but on account of its leaves 
being supposed to cause a strange disease of animals known as 
“ranilla” it is not used at present for human food. 

MARANGUEY DEL INTERIOR; Zamia media Jacq. 

This species is much less common than the ordinary plant of the 
limestone hills of the central northern coast district; it can be, how¬ 
ever, and probably is at times used instead of the common species 
as a source of edible starch. 

MARJORAM. See Mejorana. 

MARJORAM. See Oregano. 

MATA-GALLINA. Sec Yerba Mora. 

MATE; Paraguay Tea; Hex paraguaieiws St. nil. 

Recently introduced (through the U. S. Department of Agri¬ 
culture) shrub, 2-5 m. Distributing from Plant Propagation Sta¬ 
tion. Will probably succeed at Cayey and San Sebasti&n. The 
leaves here appear to contain a normal amount of thein. 

MATO DE PLAYA; Bay-Bean; Canavali maritima (Aubl.) Thou. 

A wild species common on or near the sea-shore. A meal, rich 
in protein and probably safe as a feed for goats and cattle, has been 
made by drying and grinding this plant (green pods and leavea) 
at the Mayagiiez By-Products Plant. 
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MATBAOA; Crotalaria epp. 

The following species have been tried out at the Plant Propa¬ 
gation Station at Trujillo, at Model Parras, at the Insular Experi¬ 
ment Station and the Federal Agricultural Experiment Station. 

C. incana L. (practically cosmopolitan); 

C. retusa L. (indigenous species); 

C. juncea L. (from the Old World Tropics, frequently cul¬ 
tivated throughout the interior). 

The leaves are undoubtedly of some use as fodder, especially for 
goats and possibly for cattle when properly dried; their use here 
however is almost entirely as nitrogen-fixing plants. 

MATA, Pihuela; Pinguin; Jiromelta Pm gum L. 

Probably indigenous. Common in waste lands and along sea 
coast. Planted in fence-rows and for hedges; 1-2 m. (or, in jungles, 
reaching 3m.). 

The fully ripe fruits contain considerable white juicy pulp, 
resembling in flavor hte pineapple; like the under-ripe pina t how¬ 
ever, the rhaphides contained in the pulp irritate the oral mem¬ 
branes. 

MAY POPS. See Parcha. 

ME JOB ANA; Sweet Marjoram; Origanum Majorana L. 

This Oriental herb should be grown more widely here. The 
leaves and seeds are tonic-stimulant, in soups or stews, and (seeds ^ 
in pastn 

MELTS A; Balm; Mebssa officinalis L. 

This European culinary herb has grown well »u the test pla*s at 
Trujillo; very rare in Island gardens. Some plants develop pur¬ 
plish leaves and stems. Recommended for general cultivation. 

MELOOOTON; Peach; A mijgilalus Pernca L. 

This strictly temperate European tree might endure the highest 
localities here for a few years. The following varieties were in¬ 
troduced in 1905 at the Experiment Station at Mayaguez: Angel, 
Bidwell Early, Bidwell Late, Jewel, Japan, Dwarf Blood, Peen-to, 
Red Ceylon, and Waldo; not even the Chinese Peen-to, nor the 
Red Ceylon, have proved to be aeclimatizable. A few varieties 
were introduced about 3899; it is reported that some variety was 
brought in by the old Toa Grange about 1315. The Peen-to is 
considered a distinct botanical variety (jjtatijcarpa Bailey). 

MELON; Muskmelon; Cucumis Mclo L. * 

Only one variety is successfully cultivated to any extent here; 
flis seems to belong to the true Cantaloupe type (var. cantaloupensis 
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Nandin) but does not have a hard rind; it is grown in the cooler 
hilly districts and is marketed both during the rainy and the dry 
seasons; it commonly weighs about 2 kilos, but may reach 4; the 
shape is oblong, moderately furrowed, fairly smooth; color dull 
yellow to pale cream with orange-yellow pulp. This excellent melon 
appears to be extremely rare both in Europe and America, but a 
similar variety is produced in Canada; though sometimes called 
Melon de Expand, it seems to be unknown there. Origin uncertain, 
ft comes true to seed of local production. 

A much rarer melon is found at times on the Rio Piedras market; 
this is roundish, almost without furrows, quite smooth, orange yellow 
outside and paler within; flavor good; known locally as “Mel6n de 
America”, but seems to be a purely local variety which happens to 
come true to seed here. Neither of these interesting native melons 
seems to belong to any of the 6 botanical varieties. 

MELON. See OondoL 

MENTA; Peppermint; Mentha piperita L. 

This splendid old European seasoning herb has recently been 
established at the Trujillo Plant Propagation Station. 

Here it is growing off apparently as well as the two acclimated 
mints which have been here for a long time. This will be distrib¬ 
uted promptly. 

MESQUITE; Prosopu* pill flora (Sw.) DC. 

Probably native forage tree, 3-10 m. Occasionally planted espe¬ 
cially on south s de of Island for the nutritious pods (for forage), 
pastures and roadsides. Probably 2 forms. 

MILLET. Bee MUlo. 

MILLO DE AFRICA; Indian, African, or Pearl MlUet; Penniselum glaucum 
R. Br. 

This old cereal and forage crop of unknown nativity has given 
fair results especially at the Trujillo Plant Propagation Station; it 
is, however, not cultivated to any extent here at present, either for 
human consumption or as a fodder plant. 

MILLO DE ITALIA; German MlUet, Italian MUlet; Chtrtochloa (Setana) 
italica Beauv. 

• Th;s common European forage grain is very rare here but has 
riven fair results at the Trujillo Plant Propagation Station. 

ffILLO SORGO; Kafir, Sorghum, Guinea-corn; Holcus Sorghum L. 

Several varieties of this old Old-World crop are grown on a 
mall scale all over the Island, largely for poultry feed. Some 6 
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varieties have succeeded well at Trujillo Plant Propagation Statioi 
and are being distributed. None of the molasses Sorghums hav 
been tested here, it seems. 

HINT, See Bfindalo de Jardln. 

MUTT. See Yerba Buena. 

MIMUSOPS, Oiruela de Mozambique; Mimusops marginata . 

Recently introduced from Mozambique through the Department 
of Agriculture at the Experiment Station, Mayagiiez. Presumably 
only a second-class fruit tree but of value in the future breeding 
work of the Department with the lueumas and sapotes. 

u ptXA BE JARDIN; Myrrh, Sweet Cicely; Myrrhis odorata (L.) Scop. 

Old European seasoning herb. Has succeeded at Trujillo Plant 
Propagation Station, but not recommended for general planting. 

MIBTO PELUDO; Downy Myrtle; Bhodomyrtus tomvntvsn (Ait.) Wight. 

This Oriental species was introduced in 1903 through the U. S. 
Experiment Station in Mayagiiez and began to fruit in 1905. Sev¬ 
eral specimens are in evidence about the island and it is expected 
that the tree will eventually become a popular small-farm fruit. 

MOLASSES GRASS. Bee Yerba de Melado. 

MOMBIN. See Oiruela. 

MOMBIN. See Jobo. 

MONK! Y APPLE. See Oorazdn Cimarrdn. 

MORA BLANCA; White Mulberry; Moru* alba h. 

Introduced from Europe; second-class fruit shrub; 2-5 m. 
Fruit whitish, 2 cm. long. 

MORA DE CHINA; Chinese Mulberry; Alorus mulUcaulis Peri- 

Introduced primarily for silk-worm forage, but also a second- 
rlass fruit shrub, 3-8 m. Fruits black, 2 cm. long. 

MORA NEGRA; Black Mulberry; Morus mot a L. 

Introduced first-class fruit shrub, 3-8 m. or more. Rarely cul¬ 
tivated, but worthy of extensive planting. Asiatic. Fruit purple 
to black, 2-3 cm. Rapid grower and easily propagated. 

MOSTAZA; Curled Mustard; Brassira japotiwa 8ieb. 

Rarely cultivated, but an excellent vegetable for soups and 
greens. 

WONG; tfuueolus aureus Boxb. , 

This bean was introduced (probably first by the U. S. Agri¬ 
cultural Experiment Station) about 1903. When carefully handled 
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it fruits fairly well, and the small seeds make a delicious red pur£e. 
Too weak here to succeed as a forage crop. Possibly adaptable to 
soils too poor and dry for ordinary beans. 

MUBTA; Eugenia axillarvt (8w.) Wiild. 

A shrub or small tree in waste lands of the interior, 8-12 m.; 
also occurs on all the islands surrounding Porto liico. Fruit blaok r 
smooth, round, 7-10 mm. in diameter. 

MXJRTA; Guava-berry; Eugenia flonbunda West. 

A rather rare indigenous fruit tree which for many years has 
been quite famous in the American Virgin Islands (St. Croix, espe¬ 
cially) ; 5—10 m. Fruit produced in the dry season, December to 
April, usually in enormous quantity. Formerly used as the basis 
of a special liquor which was exported to Denmark and various other 
countries in northern Europe. At present used in making an excel¬ 
lent but almost too strongly flavored jam. The dark red or nearly 
black fruits are 8-10 nmi. in diameter and contain one fairly large 
seed: the pulp is intensely aromatic and fragrant and can probably 
be used for blending w r ith less highly flavored fruits. 

Three or four distinct forms of the species are known (at least 
in the Virgin Islands). Difficulty has been found in propagating 
this species at the Trujillo Plant Propagation Station. 

MURTA. See CaimitiUo. 

MURTA (PALO DE); Eugeni a ligustrxna (Sw.) Wiild. 

This indigenous shrub or small tree, 5-8 m. high, is fairly com¬ 
mon in waste lands on the south side of the Island and in Culebra 
and Vieques; the fruit is round, and about 8 ram. in diameter. 

MUSKMELON. Soq Meldn. 

MUSK-SEED. See Algalia. 

MUSTARD. See Mostaza. 

MYRRH. See Mirra. 

NABO; Turnip; Bra&stca Bapa L. 

A very common vegetable; succeeds best in the cooler hills. 
Market season long. Nativity unknown. A white variety with a 
purple crown is much the commonest. 

NAPIER GRASS. See Yerba Elefante. 

NARANJA, Naranja Agria; Sour, SevUle or Bitter Orange; Citiu* auran - 
txum L. 

This old fruit is common everywhere in a semi-cultivated state, 
especially in the wild-orange region in the wetsern half of the 
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TbUtM, Byen allowing for its great vigor and rapid growth as a 
seedling, its abundance is not easy to explain, for it appears to have 
but little use as a fruit. As a stock for other citrus fruits (orange, 
grapefruit, etc.) it does have a place in Porto R 5 ean eitrology, though 
its long, over-developed taproot unfits it is a stock for planting in 
shallow soils. There are 3 or 4 varieties of this fruit here: the- 
thinn er-peeled bitter, the sour sour, and the sweet sour,—the two 
latter forms running together and varying in size, shape and color 
as well as texture and acidity. 

The peel is a staple article in the drug and grocery trade; tests- 
at the By-Products Plant at Mayagiicz indicate that it can be dried 
readily, especially if just under-ripe, but that it does not grind so 
well as sweet orange peel. Tests there also show that a good cattle 
feed can be made from the peel, seeds, and pulp; the juice, at least 
from immature frn'ts, eontains a fair amount of citric acid but the 
large percentage of gummy substances militate against the use of 
the juice for lime citrate. 

The famous Curasao variety used abroad in making liqueurs, etc., 
was introduced in 1904. 

NABANJA DTJLCE. Sec China. 

NASTURTIUM. See Capuchina. 

NELLI; PhyUanthus Embltea L. 

Second- lass, recently introduced fruit tree, 4-10 m.; first planted 
(1903) at the U. S. Experiment Station at Mayagiicz; established 
at College of Agriculture and Mechanic Arts; it gives a heavy crop 
of yellow, acid, roundish fruits, suitable for jellies and preserves. 

NIOUA, Nlgua de Playa, Temporana; Bay Lavender; Mallotovta gnaphalodes 

(L.) Britton. 

An indigenous fleshy shrub found along the coast of Porto Rico 
and of the surrounding islands; 3-12 dm in height, with beaut'ful 
foliage and black, roundish fruits with a sweet-sour pulp. Much 
sought after by children. 

NIGUA DEL MONTE; Ohlggery Orapes; Tovrnefortia hirsuUssima L. 

A stout hairy vine, indigenous along river banks and forest bor¬ 
ders; 3-5 m., becoming shrubby. Fruit white, roundish, about 5 
mm. in diameter. 

NIGHTSHADE. See Hierba Mora. 
nSPEBO; SapodlUa; Sapoia Arhras Mill. 

A very common fruit tree, supposed to be indigenous, planted 
jiroughout the Island, largely for its very sweet fruit but partly 



156 THE JOUBNAL OF THE DEPABTMENT OF AGBICULTUBE 


for its dense shade; 5-15 m. The fruit of the common Porto X&ea& 
variety is only 5-8 cm. in diameter; the pulp is always consumed 
raw. The content of sugar runs up to 12.7 per cent. One of the 
most widely-grown, but unfortunately one of the rarest of the first- 
elass fruits of the Island. 

NOGAL, Palo do Hues; Wild Walnut; Juglans jamaicerms C. DO. 

Forest nut tree, 20-25 m. in western raounta’ns. Perhaps worthy 
of cultivation. Nuts 4.5-5 cm. long by 4 cm. broad. 

NOGAL INGLES; “English” or Persian Walnut; Juglavs rcgta L. 

Rarely planted experimentally. This first-elass nut tree from 
China and North India seems ill adapted to this climate. 

NUEZ DE LA INDIA; Candle-nut; Aleurites moluccana (L.) Willd. 

A rather uncommon East Indian tree, 10-20 m., semi-cultivated 
throughout the Island. Apparently two forms exist, one with 
strongly purgative seeds and another producing nuts which arc 
quite edible even when not roasted. The oil is not used here as in 
Polynesia. 

NUEZ MOSOADA; Nutmeg; Myrist%oa moschata Thunb. ^ 

This Or’ental spice tree was introduced through the Experi¬ 
ment Station at Mayagiiez in 1903 (and possibly previously) but 
has never succeeded very well. Several lots of seeds have been 
introduced during the last two years hut the germination has been 
-extremely poor. Mace and nutmeg seem to be comparatively un¬ 
popular spices here. 

-NUEZ DE PAN? Breadnut; Jirosunum Alxcastium Schwartz. 

This Jamaican fruit and forage tree has been introduced at the 
U. S. Experiment Station; 8-15 m. The fruit is round, yellow, 
about 2 cm. in diameter, with one large seed which is edible after 
roasting. The leaves, like those of the related breadfruit, are excel¬ 
lent cattle fodder. 

NUEZ DEL PABAI80; Paradise Nut; Lecythis Zahucajo Aubl. 

Introduced in 1924 at the Trujillo Plant Propagation Station from 
Trinidad, B. W. I.; seeds presented by Mrs. Eugene Andre,—to¬ 
gether with a collection of ornamentals. While reaching 10-15 m. 
or more in its original habitat, plants have fruited at much smaller 
size in Trinidad, and it is hoped that it will bear here at the height 
of 5 m. One of the finest table nuts in the world: richer than the 
true Brazil-nut (Bertholletia spp.), but sometimes slightly bitter. 
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NUBB DB QUEENSLAND; Queensland Nut; Macadamia ternifolia F. Muell. 

This splendid large (up to 15 m.) nut tree has been introduced 
at the Federal Agricultural Experiment Station from Australia via 
the U. S. Department of Agriculture. The very hard-shelled nuts 
have an excellent flavor and the tree has given fair satisfaction in 
several countries outside of its original habitat. 

NUTMEG. Bee Nuez Moscada. 

NAME BE AGUA, Name Blanco; Water Yam; White Yam; Dwscorea alata L. 

By far the commonest yam in the world and much the most 
variable; probably native to Southern Asia, but now cultivated in 
most tropical countries. Never cultivated here in large fields, but 
semi-cultivated in fence-rows, field margins and thickets. The vine 
may attain 15-20 m. and each old root may have several vines. 

The stem is always angled; the (usually four) thin membrana¬ 
ceous appendages of these angles are generally colored red or purple 
and are sometimes transparent; another species, the Yampee, has 
similar wings on the stems. 

The leaf is dictinctive in having 5 to 7 strong veins, a winged 
petiole, and a thick glossj r blade more or less heart-shaped. How 
such a plant with apparently weak, soft, sappy leaves and stems 
can resist long droughts letter than any other similar class of plants, 
is a mystery. 

Most of the many (probably 30 or more) varieties of these 
11 Names de Agua” produce axillary bulbils, sometimes of considerable 
weight. 

The shape of the roots is very irregular, but seldom cylindrical. 
The color of the fecula varies from snow white through yellow shades 
to pink, lilac, and even purple. 

NAME AKAM; Akam Yam; Dtoscorea lattfolui Bcntli. 

This rare yam from West Tropical Africa is sometimes cul¬ 
tivated here and is confused with the old (Indian?) species D. sa- 
tiva; leaves, 7-to 9-nerved and cordate. 

NAME AMARILLO; YeUow Yam; Dioscorca cayennensi* Lam. 

One of the three commonest yams, closely resembling the Guinea, 
but differing in the more angular basal lobes of the leaf and in the 
less cylindrical roots which are always more or less yellow as to the 
fecula and the peel (toward the tip). 

This slightly variable species probably originated in the West 
Indian region. It is hardier than the Guinea and can maintain 
itself in any dry situation. 
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» amb BLANCO. See Name de Ague. 

RAMS DE CHINA; Chinese Tam; Dwgcorea Batatas Decne. 

This rare and very interesting old species has recently been in¬ 
troduced; propagating at the Trujillo Plant Propagation Station. 
The very slender roots sometimes attaining a length of 1 m. or more 
are of fairly good quality and may be of value under certain soil 
conditions here. 

NAME GT7ATARO, Gulumbo; Sajama cordata L. 

An interesting indigenous yam which refuses to be domesticated; 
5-10 m. Grows wild on the Experiment Station grounds at Maya- 
giiez. Vine slender, smooth, with variable leaves. 

The exceedingly slender roots may attain a length of 1 m. with a 
diameter of only a few centimeters; their flavor, when mature is 
exquisite, sweeter and more delicate than that of most yams. On 
account of the difficulty of digging them, these roots are not mar¬ 
keted, unfortunately. 

NAME GUINEA; * Guinea Tam; Vioscorca rotundata l’oxr. 

This is the best of the common yams and is cultivated throughout 
the Island, though only in the western third is it grown in regiflfcr 
fields. The plant here is always supported on stakes (about 1.5-2 
m high), the vines attain a length of 3-6 m. the leaves are very 
dark green, thick, and heart-shaped; the stem is round and armed 
with curved spines near the base. 

The roots are more nearly cylindrical than in any other species; 
weight from 2 to 20 kilos; surface grayish brown or (on the distal 
half) streaked with yellowish, peel corky and longitudinally ridged 

NAME GUNDA, Dunguey; Air Potato, Turkey-liver Tam; Diostorea pilotws- 

cula Bertero 

A probably indigenous wild species of the waste lands and forest 
borders; 10-15 ra. Vine slender, nearly cylindrical; leaves hear 
large, peeuliar-shaped, smooth bulbils (like D. alatu) in their axils, 
and presumably these, rather than the seeds, are the plant's means 
of dispersion. 

Old plants, produce small, roundish, coarse roots, suitable only for 

* Britton & Wilson Htatcs that tin* hjh»< ies was “originally dcscnbtd fiorn (probably 
cultivated) Porto Rican specimens’ However, Mince this yam mem* to he quite distinct 
fiom D Cayennerm* (probably a South American plant) and since we must at least pay some 
respect to the common name which seems to be unusually fixed there is 4 \< client reason for 
be living; that this very important food plant was Irought to the Island by the slave ships 
some time during the 10th century from the Gulf of Guinea region It appears similar 
species occur in India and quite possibly the Portuguese brought these yams from thence 
to the West African coast 
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pig feed (when cooked). The axillary "potatoes” are too bitter to 
use for human' food unless cut up and soaked in water for a day or 
two before cooking; they may weigh up to 300 or 400 grams and 
can be kepi a year . 

NAME HXGAMO, Guild*; Dioscorca polygonotde* H. & B. 

One of the 4 or 5 formerly very common wild yams of waste 
lands and open thickets throughout the Island. Vine smooth, nearly 
cylindrical 

Boot largo, coarse, frequently deeply buried. 

NAME MAPUEY; Yampee; Dmcona tnfida L. f. 

The comparatively small number of varieties comprised under 
this species form a group of very distinct yams, generally conceded 
to be the best for table use; their low yielding qualities and some¬ 
what tender nature offset their excellent roots. Mapuey yams are 
fairly common in all sections of the Island, but they are seldom 
grown on a large scale; the roots bring about double the price of 
ordinary yams. They can be grown without poles. The color of 
the fecula ranges from nearly white to a dark purple. 

Only two varieties have been widely grown here; the Blanco and 
the Morado, the former being considered the better for general plant¬ 
ing, but the latter is very highly appreciated—probably, the most 
expensive root on the market. 

Several forms of the Yampee from other West India islands have 
been well distributed about Porto Rico, but their yield is light and 
the people do not yet appreciate them. 

The Yampee type attains a length of 5-N m. but the Mapueys are 
the smallest of all cultivated yams, 1-2 m. 

Unquestionably a native of South America. 

NAME PAPA; Potato Yam; Vioscorm isculentu (Lorn.') Plain. Itcnth 

A rare species of mucli promise introduced several years ago. 
The Experiment Station at Mayagiiez has for years distributed 
propagating material to farmers, but it does not appear on the 
market as yet. Probably of African origin. One excellent variety 
v as discovered in the Canal Zone in 1915 whither it had been 
brought from old Panama India gardens; but it is now apparently 
lost. 

NAME DtJNGUEY; Dxoscorea altxssima Lam. 

One of the largest and perhaps the oldest of the indigenous West 
Indian yams; probably used as food many centuries ago here. 
Hardly any limit to its length, readily ascending to tall tree-tops. 
Rarely cultivated, if ever, here now. 
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Vine armed with large flat prickles; below sharply angled and 
even winged, brownish; even the petioles sometimes armed with 
small thorns. 

Root coarse, very irregular, bearing many wiry rootlets. 

OATS. See A vena. 

OHIA; Pomarrosa de Malaya; Malayapple; Jamb ox mnlurct nsis (L.) DO. 

First-class introduced (East Indian) fruit tree, 5-20 m.; less 
than a dozen mature trees (near Rio Piedras) known, but hundreds 
are being propagated; distributing from the Plant Propagation 
Station. Both a dessert and jelly fruit; skin scarlet, pulp white, 
the pronounced rose bouquet of the fruits persists after cooking. 
Two forms, one obconical (8-10 cm. long) and one roundish (smaller) 
are in evidence here; seeds of the lattet were also brought from 
Dominica Botanical Gardens in 1924. 

OKRA. Bee Guingambd. 

ONION. Bee OeboUa. 

ORANGE. Sec China. 

ORANGELO; Citrus sinensis X C. grandxs. 

This new hybrid fruit of great promise was introduced (Dec. 1931) 
through the Plant Propagation Station at Trujillo. 

OREGANO; Pot Marjoram; Origanum rnlgare L. 

A very popular European savory herb, grown in nearly every 
large garden; 1-1.5 m. 

OREGANO BRUJO; Oriental, or Spanish Marjoram; Coleus amboxnieui Lour. 

One of the best and commonest seasoning herbs of the Island 
and one which should be in every kitchen-garden. Probably Malay¬ 
sian. Apparently non-variable. The thick, juicy stems reach a 
height of 5 dm. or more. Frequently grown in tins and pots but 
fairly hardy in a partly shaded bed. 

OREGANO CHI QUITO; Porto Rican Marjoram;. Lippta Hellen Britton 
One of the commonest Porto Rican flavoring herbs; 1-2 m. 
Stems distinctly woody, very slender. Leaves only 5-12 mm. in 
length. Bouquet rather stronger and better than the Common Ore¬ 
gano. Endemic. This remarkable plant should be distributed to 
all other tropical countries. 

OREGANO DE ESPANA. Bee Ordgano Brujo. 

PAJUIL, Oajuil, Marafi6n; Cashew-nut; Anacardism ocoidentalc L. 

Probably native, extremely common tree, 8-12 m., seldom really 
cultivated but common throughout the island in fence-rows and 
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around hills near the sea shore, particularly near Vega Baja. Ap¬ 
parently not variable; fruits of both yellow and red colors, how¬ 
ever, are in evidence and there is considerable variation in size of 
fruit. The pulp of the sour fruit is sometimes cooked up into 
dulces and is much relished raw by many people; the juice is 
astringent. The kernel of the seed is very much appreciated but 
although sold occasionally in the markets is never exported here (as 
is done in Haiti). 

PALM. Sec Palma. 

PALMA DE AOEITE;. African Oil Palm;~ guxnccmw Jacq. 

Introduced by the Experiment Station at Mayagiiez; not seen 
outside. In Africa (Liberia and Sierra Leone, especially) reaches 
15 m. Six or 8 types, with several minor “connecting link” forms, 
are known in West and West Central Africa. 

PALMA DE AZTJGAR, Sugar Palm; Arenga pinnata Merrill 

A few specimens, raised from seeds sent from the Orient and 
planted by the author at the Experiment Station in Mayagiiez, 
in 1903, have fruited. Native to Philippine Islands, 6-12 m. Seed¬ 
lings have been distributed. One mature specimen may be seen 
near “Stop 33” north of Rio Piedras. Neither sap, seeds, nor sago 
(pith) used here. 

PALMA D& BETEL; Betel-nut Palm; Areca Catachu L. 

Numerous specimens grown as an ornamental at San Sebastian. 
Introduced from Orient; 4-6 m. Nuts not used here. 

PALMA DE GOROZO; Gru-gru Palm; Acrocomut aculeata (Jacq.) Lodd. 

Very common native palm; 4-10 m.; prefers dry locations. 
Never cultivated. No variation. Nuts sometimes used. “Cabbage” 
bud seldon used, but edible. Oil can be made from kernels. 

PALMA DE DATIL; Date; Phawix dactylifera L. 

Numerous specimens, rarely fruiting well, especially on south 
side of Island; 5-10 m. African origin. Treated as ornamental, 
eultivat ; on might succeed in southwestern part of Island. 

PALMA BEAL. See Palma de Tagua. 

PALMA DE TALIPOT; Talipot Palm; Carypha data Roxb. 

A few specimens were raised from seeds sent from the Orient, 
at the Federal Agricultural Experiment*Station in 1903; one mag¬ 
nificent specimen appears nearly ready to flower; height 13 m., 
trunk l m. in diameter; leaves 4.5 m. in diameter. 
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PALMA DB VINO; Wine Palm; Caryota went L. 

A few specimens were planted at the U. S. Agricultural Experi¬ 
ment Station in 1903; some have flowered. Occasionally cultivated 
as ornamental; 8-15 m. Sap not used of this (nor of any other) 
species of Palm here. Oriental. 

PALMA DE TAGUA, Palma Real; Porto Rican Royal Palm; Royttonea borin- 
qvcna O. F. Cook. 

Endemic species, 8-20 m.; prefers wet districts. Seldom actually 
cultivated. Seeds constitute important feed for swine; ground at 
By-Products Plant and used on Model Farms with or without ad¬ 
mixture of other feedstuffs for pigs only. Crop, June to September; 
sometimes transported in bulk to localities where these palms are 
not abundant; seeds endure storage well. “Cabbage” rarely used 
here. 

PALMA DR TAGUA DR CUBA; Cuban Royal Palm; Roynlonea renin (il. B. 
K.) O. V. Cook. 

Introduced about 1903 at the U. S. Agricultural Experiment 
Station, 8-20 in.; good fruiting specimens in evidence. Seeds like 
H. borinquenu but purplish instead of light brown. Habitat, Florida^ 
Cuba, Haiti. 

PALO DR MURTA. Bee MURTA, Palo de. 

PALO DR NURZ. See Nogal. 

PALO DR RAMON. See Ramta. 

PALO DR VELA; Candle Tree; ParmcnUera eerifera Seem. 

Th's interesting Panaman tree was introduced a few years ago 
at the Federal Agricultural Experiment Station: 4-10 m.; seed¬ 
lings have been distributed. The slender cylindrical fruits, ap¬ 
pearing as if made of wax and bright yellow when ripe, are eagerly 
devoured by cattle: if eaten in large quantities these fruits give 
the meat an apple-like taste. The bark also is eaten by cattle,— 
stripping the trunk up as high as they can reach. 

PAMPANO, Plitano de Indio, Biliai; Wild Plantain; Bthai Bihai (L.’> Griggs. 

This very common old relative, if not ancestor, of the plantains 
and bananas was undoubtedly used for food by the aborigines; 3-5 
m.; moist ravines from sea-coast to mountain-top. 

The massive, irregular-shaped rootstock, though containing coarse 
fibers (like the Bananas) has considerable starch and could well be 
used today for pig feed. 
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PAN A; Seedless Breadfruit; Artoearp us inoisa L. f. 

This splend’d old Polynesian fruit tree was probably introduced 
here in the early part of the 19th century. 

Though nowhere planted in groves it is fairly abundant in all 
districts, except, perhaps the driest. The difficulty of propagating 
it (from root cuttings and sprouts) and its liability to die back at 
the tips of the upper branches militate against its more general 
planting; besides, it (like the yuca) is looked upon as a cheap low- 
grade food fruit hardly worthy of gracing the tables of the well-to-do. 
Tet, if the small farmer had to restrict his number of food fruits to 
one species, evidence indicates that not the plantain, nor the avo¬ 
cado but the Breadfruit should be chosen to supply the needs of the 
family and the domesticated annuals; for, it must be remembered, 
not only does it furnish 2 or 3 crops of the very wholesome large 
fruits every year, but its luxuriant leaves constitute (fresh or dried; 
a nutritious fodder, relished alike by the cattle, goats and horses; 
while any surplus fruits are eagerly devored by swine, cattle, and 
even (when cooked) poultry. 

It usually begins to bear at 3 or 4 years from the rooting of the 
sprout, and may live 20 to 30 or more years, attaining a height of 
1.5-25 m. 

Soon after the opening of the By-Products Plant in Mayagiiez 
in October, 1923, some 10,000 fruits were dehydrated and made into 
a meal for feeding the breeding cattle on the Model Farms; the 
average weight of the fruits was nearly 1 kilo and the cost of the 
meal (“Breadfruit dour”), using the entire fruit, sliced, dried, and 
ground, was only about 2y z cents per kilo. A higher-grade flour 
for human consumption was prepared from the pulp alone; this, 
like the feed, keeps well for many months. While there are some 
200 varietal names of this and the Seed Breadfruit species scattered 
throughout Polynesia and Melanesia—probably representing about 
100 distinct forms, there are today in the Western Hemisphere only 
the two species represented here and one other extremely rare form 
intermediate between these two found (in the author's knowledge) 
only about Greytown, Nicaragua. Presumably some of the Polyne¬ 
sian races would do even better here than the said two which have 
been in evidence here for some 135 years. 

Here the fruit is never used in a fermented state, as (frequently) 
in Polynesia; but boiled, baked, or fried it is one of the farmers’ 
cheapest foods; mashed and mixed with peppers, cheese, spices, 
meat, etc., it forms a rich, easily digested piece de rhistence. 
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The following analyses are illnminant: 


Breadfruit flour Breadfruit leaves 

Proteins_ 6.169 per cent 24. 39 per cent 

Fats_ 3.600 per cent 6.58 por cent 

Carbohydrates_ 75.831 per cent 34.83 per cent 


PANA DE PEPITA; Seed Breadfruit; Arlocarpus communis Forst. 

This species, presumably brought into the West Indies in 179$ 
with the seedless breadfruit (A. incisa) by Captain Bligh; now 
thoroughly naturalized throughout Tropical America and of con¬ 
siderable importance though not as compared with the seedless 
breadfruit; 8-20 m. This species can readily be distinguished even 
at a distance from the true Breadfruit by the closer branch habit, 
by the smaller leaves and by the much less incised margin; whereas 
the leaf of the true Breadfruit is out in almost to the mibrid, the 
leaves of this species are cut in only about half way. The fruit 
moreover of this species is always covered with numerous short fleshy 
spines, instead of presenting a fairly smooth surface. The seeds are 
commonly used throughout the Island not only as human food (when 
boiled in salted water) but are also of considerable value as a pig 
feed (raw and cooked). If fully matured the seeds are inclined to* 
have a bitter taste lmt if the fruit is harvested just before maturity 
the seed bitterness is not noticeable in the fceula. The entire fruit 
when thoroughly ripe is an excellent pig or cattle feed. Experiments 
at the By-Products Plant in Mavagiiez indicate that this fruit can 
be easily sliced, dried and ground into a very nutritious cattle and 
pig feed,—even better than that of the Seedless fruit (on account 
of the high protein content of the seeds). The leaves of this species 
as well as of the other, whether fresh or dried and ground into a 
meal, are first-class fodder for the domesticated animals. The leaves 
may be removed 2 or 3 times a year without seriously injuring the 
tree’s vitality. Naturally, if many leaves are removed the crop of 
fruits will be proportionately reduced. 

PANAMA; Wild Alocasla; Alooasia macrorhiza (L.) Schott. 

One of the most conspicuous and widest spread weeds in the 
Island. Probably Oriental. In rich wet soil reaching 2-2.5 m. 
The rhizomes, almost entirety above ground, attain a diameter of 10-20 
cm.; though poisonous (from the calcium oxalate rhaphides) raw, 
thorough boiling renders them fit for pig feeds. Never cultivated. 
PAPA; Potato; Solatium tuberosum L. 

The date of introduction of this South American species i» 
unknown hut has never until the last 25 years obtained any great 
importance in the island. From time to time small fields of com- 
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mon European* or mainland varieties have been grown with partial 
success in the cooler districts. The presence of the tropical potato 
blight (Bacillus solanacearum) in (presumably all of) the soils of 
the Island militates strongly against commercial success with this 
crop here. While very fine specimens of tubers weighing up to one 
kilo can be grown in the mountainous regions, the average plant 
becomes so severely attacked by the said blight before its maturity 
that the growth of the tubers is checked so that the weight of edible 
tubers per plant is considerably below the economic yield. 

Several European varieties, supposed to be resistant to the blight, 
are being tested at Caycy Model Farm and Trujillo Plant Propaga¬ 
tion Station. The plant seems to be fairly free here from insect 
pests. Possibly some of the violet-skinned types from Colombia and 
Peru and hybrids with S. Commcrsonii might resist the bacillus here 
much better. 

PAPAYA. Hoe Lechosa. 

PAWPAW. Hoe Lechosa. 

PARCJHA; Bell Apple; Passiflora laurifoha L. 

A rather rare woody vine, introduced through the Plant Propa¬ 
gation Station at Trujillo where numerous plants arc ready for 
distribution; 5-10 m. Fruit yellow when ripe, with a hard shell, 
egg-shaped, 6-7 cm. long; pulp sweet and very aromatic, fragant. 

PAROHA, Ouruba; Passiflora malt for mis L. 

An indigenous wine, sometimes cultivated for its fruit; also oc¬ 
casionally wild in the waste lands of the wet districts of the Island; 
5-10 m. Fruit round, with a hard shell, about 3 cm. in diameter. 
Pulp fragant, delicious, seedy. 

PAROHA ENOARNADA; May Pops; Passiflora vicarnata L. 

This North American species was introduced in 1923 through a 
private garden at Ensenada. 

PABKA; Wild Grape; Vitis Ulimfolia H. & B. 

This widely distributed wild grape has long been known under 
the name Vitis cariboea DC., and has been used as a stock for other 
(hybrid, or cultigen, varieties); 5-15 m.; occurring in jungles and 
along banks of streams in the moister districts. Fruit 10-12 mm., 
purple. 

PAB8LBT. See Perejll. 

PEA. See Petit-Pole. 

PEACH. Seo Durazno and Melocotdn. 
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PEACH PALM. Bee Pejib.ye, 

PEANUT. Bee Manl. 

PECAN; Ihcona Pecan (Marsh.) Britton. 

Rarely and only experimentally planted. First-class nnt tree. 
Probably cannot endure continuous summer. 

PBJIBAYE; Central American Peacb Palm; Guhelma ulilis Oersted. 

Introduced in 1924 by the Department (presented by the U. S. 
Department of Agriculture, Washington, 1). C.) and growing slowly 
at Model Farms, and Plant Propagation Stat ; on. The orange or 
red fruits contain a very nutritious dry, sweet pulp covering the 
useless seeds; pulp must be boiled, steamed, or roasted. Central 
American. A seedless variety known. 

PEPINILLO; Gherkin; Cucmnis Jngurta L. 

This West Indian relative of the Cucumber is quite common in 
the cooler districts, and marketed in considerable quantities. Seems 
to vary remarkably little. 

PEPINO; Cucumber; Cucumis sativus L. 

Though this old (probably African) vegetable is very subject to 
pests, diseases, and troubles from drought and bad soil conditional 
it is fairly common in most districts but is grown mostly for sale 
(at high prices) in the larger markets. Eaten fresh (in salads) and 
seldom pickled here. 

PEPINO ANGOLO, Curuba; Caasabanana; Sioana odonftra (Veil.) Nan<l. 

This very interesting old vegetable (probably Brazilian) is com¬ 
mon in most markets during most of the year, yet is very seldom 
seen on the vine. Its flavor and odor are exceedingly strong and 
render it unpopular as a cooked vegetable, even for dulces; but it 
is said to have great value in making medicinal beverages. Its 
keeping qualities are remarkable; one of the brownish red cylindrical 
fruits (30-50 cm.) may be kept hanging in a fruit booth for a week 
or more, pieces being cut from the bottom as required and a piece 
of paper stuck over the cut surface to prevent decaying. 

PEPPER. Bee Pimiento. 

PEPPER, DEVIL. Bee AJL 
PEPPERMINT. Bee Menta. 

PERA; Pear; Pyrus communis L. 

Even at the highest elevations, the cultivated pears are likely 
always to be a failure here. There is an interesting belief among 
small farmers that the seeds of the Pear (and Apple) grow into 
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Guava trees. The varieties Le Conte and Keiffer were introduced 
in 1905 at the U. S. Experiment Station at Mayagiiez. 

PEBA DE ANOHOA; Anchovy Pear; Grids cavhfi ra 1,. 

A third-class Tropical American fruit tree, 3-10 m.; leaves ex¬ 
ceedingly large on the ends of branches; large white or yellowish 
flowers on the branches. Fruit 5-7 cm. long, brownish, fleshy, with 
one large seed. Distributing from the Plant Propagation Station 
at Trujillo. Presented by the Dominica Botanic Gardens. 

PEBEJIL; Parsley; Jpium pctroselmwn L. 

A common savory vegetable, widely cultivated but on a small 
scale only. Several varieties grown. Mediterranean. The variety 
Crispum DC.; is not so commori; and the variety radicosum Alef. is 
very seldom attempted here. 

PEBIFOLIO. Sec Oerafolio. 

PEBXFOLIO LEV1STICO; Lovage; Hnn>o*rhnvm Luishriim (L) Britton A. 
Koh\ 

This old South European culinary herb (related to Chervil), 
recently introduced from France, is growing well at Trujillo Plant 
Propagation Station. 

PEBUNKXLA; Arduuui Carandas (L.) Britton vur. duUis P. J Wester. 

An Indian fruit, introduced in September 1924 from the Philip¬ 
pine It Juids (Bureau of Agriculture); distributing from Planl 
Propagation Station. A sub-acid, juicy, black, grape-like fruit. 
Described (Bui. 39, 3rd. ed., of Philippine Bureau of Agriculture) 
by P. J. Wester as new variety probably distinct from the true 
Karanda. 

PETIT-POIS; Pea; Ptsum satuum L. 

With inoculated soil this temperate vegetable may be grown, 
especially in the higher districts (reselling 2 m. at Villalba,—P. It. 
Tropical Products Corp.). Becoming less rare. Apparently the 
only food plant here bearing a French name. 

PE-T8AI; Bramca pelnnensts Ku(ii. 

A rare, recently introduced Chinese vegetable; cultivated only 
occasionally in kitchen gardens. Succeeds fairly well at Trujillo 
Plant Propagation Station. 

PIGtBON PEA. Sec (tendril. 

P1MXBNTA; Allspice; Pmeuta PvmenUt (L.) Cockerell. 

This Jamaican species is sometimes planted in Porto Rico and 
neighboring islands as a spice crop though never more than a few 
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trees are in evidence at any point; 4-8 m. The spice is scarcely of 
any commercial importance here. 

PTMTE WTO; Bed Pepper; Capsicum mnuurn L. 

Probably some forms of this pepper were used by the aborigines 
here. The principal varieties in common cultivation now belong to 
the botanical variety grossum Sendtner, which includes the bell pep¬ 
pers ; several horticultural forms of these are popular. Their season 
is very long. 

PIMIENTO LARGO; Long Peppor; Ftpn incurvum Siobcr. 

The remarks given ;ii cut black pepper apply also to this species. 

PIMIENTO NEGRO; Black P.pper; J-ipcr nigrum L. 

The Trujillo Plant Propagation Station possesses a few plants 
of this interesting species. . •'••"lit in in March, 1924, from the 
Dominica Botanic Gardens. The fleJiy leaves are eagerly eaten by 
poultry. Recommended for cool moist situations. 

PINEAPPLE. Hce Plfla. 

PINGUTN. See Maya. 

PIE A; Pineapple; Ananas Ananas (L.) Cockerell. 

Undoubtedly from Brazil, now widely cultivated throughout the 
Tropics as one of the four most popular fruits in the Torrid Zone. 

The central section of the north coastal plain is the present center 
of the crop; formerly the southwest comer produced nearly all the 
fruits, and canning operations began there in 1902. The present 
area under cultivation is about 2,500 acres. During the first years 
of the Great Ayar the annual export shipments amounted to about 
half a million boxes; now some 250,000 to 300,000 crates go out. 
The canned fruit (sliced and grated) now amounts to some 1,500,000 
pounds. 

Though probably introduced early in the 16th century, it appears 
that the pina was never grown for export till about 1870; the 
Cabezona was planted extensively then in the Lajas-Palmarejo dis¬ 
trict; there is still considerable acreage there. The introduction of 
the Red Spanish (probably from Florida) about 1900 gave the ex¬ 
porters a safe line of development; today it is the only variety 
planted on a large scale here. 

The following varieties, brought in mostly by either the Federal 
or Insular Departments of Agriculture (since 1902), are established: 

Cabezona; the largest variety (with the possible exception of 
the King, of Borneo) in the world,—the record fruit here 
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weighing about 14.5 kilos. Used in high-grade canning in 
the old Lajas district. 

Caraqueha; Resembles the “native” “Pan do Azucar” but 
has a rougher surface. 

Negrito,; A semi-cultivated old variety; color dark, but flavor 
very fair. 

Pan de Azucar , or Sugarloaf; very commonly cultivated for 
home consumption; size fair; very sweet. 

Red Spanish; the export and canning variety cultivated for 
many years throughout the Bayaraon and Vega Baja-Are- 
cibo sections; not recommended for the texture or flavor 
of its pulp, but it is the piece de resist cure of the canner 
as well as the shipper. 

Smooth Cayenne; a fine old favorite with few or no spines 
on the leaf margins; large plant with a first-class fruit. 
A large direct ( via New Orleans) shipment of suckers was 
received in 1923 from Hawaii. 

Several unnamed varieties have been presented in 1925 by the 
U. S. Department of Agriculture. 

The following varieties have been brought in from Dominica. 
Jamaica and neighboring islands: 

Bullhead ;* Black Antigua; Ruby; Ripley. 

PI&T7ELA. See Maya. 

PI8TA0HE. See Pistachio. 

PISTACHIO; Pistache; Putt aria chin nuns Bunge. 

Recently introduced first-class Asiatic nut-tree, 5-10 m.; at both 
Experiment Stations. May succeed better at Villalba and Sabana 
Grande Model Farms. 

PITAJAYA; Night-blooming Cereus; Hyloccreus undatiut (Ilaw.) Britton & 

Rose. 

A rather large climbing species, up to 7 m. in length, sometimes 
covering trees with its heavy 3-winged stems; cultivated; introduced 
from Mexico; fruit 6-10 cm., red, with white pulp and black seeds. 
A very fine fruit, the pulp making a good drink, especially w'th ice 
and sugar. 

PITAJAYA; Uylocereus trigonus (Haw.) 8afford. 

This common cactus produces large (6-10 cm. long) roundish 
fruits which resemble nothing else very closely in the whole Vegetable 
Kingdom. When well ripened the Pitdjeya is a first-class fruit; it 

* According to Mr. H. C. Htnricksen, Specialist in Farm Management, of the U. 8. 
Experiment Station, at Mayagttex, and a recognised authority on Pineapples, states that this 
variety was supposed to be identical wih onr Cabesona, but he found it to be quite distinct. 
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should be eaten fresh, though it may be preserved, and in Central 
America is often used in preparing cooling drinks. 

It grows readily on any rough-barked open-topped tree, its roots 
clinging to but not injuring the host tree. Deserves a place in every 
fruit collection. Its white flowers which open at night, average 
about 15-20 cm. in diameter. 

PITAJAYA; Sebucan; Leptocereus quadneostatu* (Bello) Britton & Koem\ 

A branched species, 2-4 m. high, peculiar to the dry districts on 
the southwestern portion of the Island and to Tcacos. Fruit redd*sh, 
3-5 cm., smooth when ripe. 

PITAJAYA AMARILLA; Hamna portoiunuti# Britton. 

A rare species peculiar to the southern coast near Ponce and 
Tallaboa and to Mona Island; slender, 2-3 m. high, fruit yellow or 
reddish, 4-6 cm in diameter. 

PLATANO; Plantain; Musa parad\swca L. 

Though frequently (in commerce and in the public conception) 
confused with the Banana (AT. sapientum L.) the true Plantains may 
be distinguished by the following characters: the bracts composm# 
the terminal and unopened portion of the inflorescence are thinner 
and by the time the fruits are half grown the said bracts become 
shriveled and hang loosely at all angles with the radr's —while in the 
banana they remain fresh and close-packed in the ovate, pointed 
“bud” at the tip of the “bunch”; the fruits (except, perhaps, in 
the Maricongo and the aberrant Ohamalueo) are liorne loosely in the 
(few) “gajos” or hands, instead of be’ng closely appressed, and their 
distal extremities are usually prolonged ; nto a “lieak”, or point, 
2-5 cm. beyond the pulp; the ripe pulp is more pasty and “gummy” 
and is less wholesome wKen eaten uncooked 

The origin of the so-called “natne” Plantains was presumably 
South Asia; they probably came around the (Jape of Good Hope 
(with the Banana) in the 15th and 16th centuries into the West 
African counties and the East Atlantic Archipelagoes (Gape Vmb* 
Islands, the Canaries, Madeira, and the Azores). Since in historic 
times the Plantains have not been propagated from seeds, since very 
seldom do any of the 50 to 75 distinct cultivated varieties ever pro¬ 
duce viable seeds, and s : nce practically never is evidenced the slightest 
degree of variation in leaf, flower, or fruit characters, it ,# s obvious 
that we have in this almost indispensable food plant the product ol 
many centuries of cultivation; some of tbe varieties may have 
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originated as horticultural “bud sports” but probably most were 
descended from wild races, several of which seem to be in evidence 
still in Southeastern Asia, the Philippines, and the East India 
Islands. 

This species, taken as a whole, is beyond question the most im¬ 
portant food-producing fruit species here today. While closely re¬ 
sembling the banana in habit, the true plantain flower-bud, or pam- 
pana, is very close to the distal end of the bunch of fruits, is much 
smaller, looser, and shorter and it tends to dry and shrivel before 
the (comparatively fewer, usually) fruits reach maturity. 

Less than 12 distinct varieties of Plantains are in evidence here 
now. All the many (probably 75) Oriental and (few) African va¬ 
rieties should be grown here in a comparative test; many would 
probably prove more or less immune to the banana disease and some 
might well excel these old varieties. It appears no plant of any of 
the Polynesian Plantains (fl/. Fchi), with upright fruit bunches and 
violet-colored sap, has ever been brought to Porto Rico. 

The true Plantains resist the banana disease much better than 
do the common Bananas: the Chamaluco (not a true Plantain) is 
even more susceptible than the banana. 


None of the following Plantains should be eaten raw, even when 
fully ripe. Boiled, fried, or roasted these comparatively expensive 
but highly nutritious and most wholesome fruits constitute an almost 
indispensable part of the Porto Rican farmer’s diet. Moreover, 
very few food plants of any class or clime equal the Plantain in 
economical productiveness; unless weeds or droughts prevent, a crop 
of fruits (among the most nutritious known), is almost certain; 
strongs winds, cattle and root weevils are, however, to be reckoned 
with. 


Ccviza; a sub-variety of the Ohamaluco, having the fruits 
much paler and covered with an ashy bloom, whence the 
name. Like the Chamaluco. it is badl\ affected by the 
banana disease. Fruits practically inedible in the raw state, 
but considered as superior to the regular Chamaluco (more 
plantain-like) when cooked. 

Chamaluco, Mafafo; formerly the commonest variety of plan¬ 
tain in the Island, but since the banana disease began 
to spread so disastrously (first noted by the author in 1902 
and recognized as a serious disease about 1908) iMias been 
almost exterminated in some districts, this variety being 
more severely attacked than any other Musa here, though 
it is apparently, as to soil and climatic conditions, the 
hardiest of all 
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The short, thick-peeled, strongly angled fruits are seldon eaten 
raw but are made into a great variety of dashes, boiled, fried, roasted, 
or mashed and mixed with meat, cheese, and other vegetables for 
frying in small cakes. 

This once very cheap and popular old variety (of uncertain, but 
probably Philippine origin) seems doomed to soon disappear from 
the farms of Porto Rico. 

Judging from its flower-bud, this variety is not a time Plantain, 
but an intermediate type between the Banana and Plantains. 

A monstrosity variety, known as Pata de Pato, has the fruits more 
or less grown together in the hands. 

Congo , Congo verde , Congo legitimo ; this is by far the com¬ 
monest of the lesser plantains. The bunch is larger than 
that of the Platano Harton. The fruits are strongly curved 
(which distinguishes them from the Marieongo) and the 
peel is thin. 

Congo Morado; an extremely rare Plantain having fair-sized 
fruits which are dull maroon or purplish until nearly full 
grown, when they gradually turn to dark green color. 
Practically never brought to the large markets, though ap¬ 
parently just as a good for home consumption as any of 
the Plantains. This remarkable Plantain deserves our belt 
attention. 

Congo Prieto; a very rare variety, probably becoming rarer, 
from the west end of the Island. The beautiful fruits are 
peculiar in being purplish or reddish black from the time 
of flowering to maturity. The plant has more color on the 
stem and petioles than any other Plantain except the Cua- 
renteno. The quality of the fruit seems to be average. 

Criollo, Prieto, Vinagre; a fairly common but unpopular 
variety; vigorous and productive; but the fruits are sour, 
gummy, and require thorough cooking. Formerly the ripe 
fruits were used in making excellent vinegar, and in some 
back districts this interesting custom still prevails. 

While it may be claimed that this is a ‘‘primitive’' variety, or 
possibly, a sport from the chamaluco, its origin must remain 
very uncertain; and though it sometimes produces seeds here, it 
does not appear to be at all closely related to the really primitive 
bananas and plantains of the Philippine Islands, many (probably 
25) varieties of which bear viable seeds in almost every fruit. 

Cuarenteno; one of the most striking and distinct of our Mu¬ 
sas, yet unfortunately rare. The young leaves are heavily 
blotched and marbled with maroon and chocolate-colored 
spots and the midrib and under surface are shaded purple; 
they are like those of the Congo Morado except in habit 
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they are like those of the Chamalueo. Even the fruit is 
purplish when young. Should be in all collections. 

Enano; the smallest of the Plantains. The plant stem is 
decidedly short (2.5-3 m.), yet the bunch is frequently so 
heavy that it must be propped up to avoid being blown 
down by the wind; the fruits are comparatively large and 
of excellent quality. Recommended for sheltered s'tuations. 

The plant is much shorter (2.5-3 m.) than the ordinary 
Guaran, but the bunch and the fruits arc both comparatively 
larger. The raehis is long and the naked part (between 
the “pampana”, or bud, and the terminal hand) readily 
distinguishes it from the true Enano. The fruits are plunt- 
pointed, sweet, and very plump. An excellent but top- 
heavy sort. Precocious, fruiting in 9 or 10 months. 

Guayabo; the best of the 3 or 4 forms of the (Jhamaluco type. 
The peel is usually much cracked and may become brownish. 
The pulp is considered decidedly superior to that of the 
regular form. 

IIart on. Macho; this is the most important food fruit variety 
common than the smaller forms of Plantain, or than the 
Guineo Guar&n. The size of the fruit varies greatly ac¬ 
cording to the vigor of the plant but the comparatively 
short-pointed and weak-angled fruits are distinctive. 

Possibly the Plitano Puro of the Ponce district is distinct: it 
seems to be straighter and less angled. 

Though the market price is comparatively very high, one medium¬ 
sized fruit costing, say, 6 to 10 times at much as a Red banana, it 
is obtainable practically every day in the year in nearly every market 
of the Island. Fortunately, it keeps very well in storage, and is 
always brought to market in the "full” but green state and slowly 
ripened in heaps or in barrels; this fact, however, does not prove 
that the fruit is better treated thus than it would be if it could be 
safely (sic) left on the plant till fully matured. When the peel has 
turned from green to a dull yellow or, later, when the rather thick 
peel has become more or less black from bruising and decay, the 
fruit is known as an ‘ 1 amarillo ’ ’ and is ready for frying, boiling, 
or baking; this term is also applied to all the Gongos and the Mari- 
congo,—but not to the Chamalueo. 

The flour made by peeling, slicing, drying and grinding the 
nearly ripe (but not yellow) fruits has long been famous throughout 
Tropical America as an invalid and infant food; it appears to pos¬ 
sess some tonic quality for the intestinal membranes, and has un- 
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doubtedly saved many lives, not only here but also in Tropical 
Africa, from the insidious diarrhoeas and dysenteries which fre¬ 
quently fail to respond to ordinary remedies. Many hundredweight 
of plantain flour have been made at the By-products Plant in Maya- 
gtiez since December, 1923; some of this has been purchased by 
hospitals and individuals in the mainland. The peels and stems cut 
in small pieces, dehydrated and ground to a coarse meal make an 
excellent feed for livestock. 

The analyses of the flour and the feed are as follows: 


Flour (ffcula) Feid (pwlb, i*U ) 

Fats_(ost.)_6.00 per cent 5.77 pcT rent 

Proteins_ 3. 09 per cent 6.43 per cent 

Carbohydrates__ 68.77 per cent 71.78 per cent 


Maricongo; the commonest of the lesser Plantains. The fruit 
generally weighing about one-half as much as the Piatano 
llarton; the imnoh has several or many times as many 
fruits as does the bunch of the large (true) Plantain,—up 
to 100 or even 200 if grown in very rich soil; the peel is 
much thinner and the distal beak is proportionately larger. 
Though this fruit, like all the other “Oongos”, is a kmd 
of Plantain and frequently marketed as such, the growers 
seldom confuse the two types—although both may be planted 
in the same small field. 

The plant resists the banana disease very well, and is one of 
the very best varieties for the small farmer. 

Ti'csciewios , Congo Treseientos; this splendid variety is rare. 
The stem is weak and slender, and therefore very liable to 
be blown down by winds unless the very heavy bunch is 
propped lip firmly. The small, curved fruits are of first 
quality. 

PLANTAIN. See Plitano. 

PLUM. See Clruela. 

PLUM, NATAL. See Amattingulu. 

PLUM, WILD. See Alxnendrlllo. 

POHA; Husk Tomato, Ground Cherry; Physatis peruviana L. 

A South American vegetable of considerable importance in many 
tropical countries, but rarely grown here. The fruit makes an ex¬ 
cellent jam or preserve, especially when spiced, and may be pickled. 

It is of such rapid growth and easy cultivation that varieties 
from Hawaii and Mexico should be tried out here with the view to 
introduce them into general use. 
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POHA SELVESTBB; Phytalil spp. 

The following species of this interesting genns occur in open 
grounds especially in abandoned fields near towns, and the fruits 
of all are quite edible and would probably improve under cultiva¬ 
tion : P. mgulata L.; P. pubescens L.; P. turbmata Medic. 

POMABBOSA; Bose apple; Eugenia Jarnbos (L.) Millsp. 

Second-class introduced fruit tree, 4-10 m. Very common, espe¬ 
cially in wetter districts. Seldom actually cultivated; usually oc¬ 
curring in open pastures and along streams, lakes and roadsides; 
from East Indies originally. Eaten fresh, but also of value as a 
preserve and jam fruit; like the Malayapple it carries its delightful 
rose perfume through moderate cooking. 

POMABBOSA DE MALAYA. See Ohia. 

POMEGRANATE. See Granada. 

POMELO. See Toronja. 

• 

POND-APPLE. See Ooraadn Oimarrta. 

POTATO. See Papa. 

POTATO, SWEET. See Batata. 

PRICKLY PEAR. See Tuna Brava. 

PTJERRO; Leek; Allmm Porrum L. 

A rather rare, onion-like vegetable, occasionally cultivated, 3-6 
dm. Of .mcertain origin. Two varieties are being tested on the 
Model Farms. 

PUMMET.O. See Toronja. 

FUB8LANE. See Verdolaga. 

QUEEN OF THE NIGHT. See Beina de la Noche. 

QUENEPA; Gulnep, Spanish Lime; Melxcocca btjuga L. 

Second-class fruit tree, 5-15.; semi-eultivated throughout Island; 
probably native. Very popular, though not a nutritious fruit; seed 
not eaten. Experiments at the By-Products Plant indicate that a 
good cattle feed may be made from the seeds and skins and a dulce 
from the pulp. Practically no variation in fruits. Tree has some 
value as a wind-break species. Not exportable. 

QUIMBOMBO. Seo Gulngunbd. 

BABANO; Radish; Baphanus sativus L. 

One of the commonest temperate vegetables; grown mostly for 
the foreign population. Probably Asian. Many horticultural varie¬ 
ties teseted. One botanical variety (B. 8. var. longipinnatus Bailey), 
the huge Japanese radish, has succeeded at Trujillo. 
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RABAX O PIOANTE O RUBTIOO; Horse-Radish; Amoraoia Armoraeta (L.) 
Cockerell. 

This excellent seasoning or relish root has been introduced at 
the Trujillo Plant Propagation Station; thus far the climate does 
not seem to inhibit the growth but since it originated in southeast 
Europe it may not long endure our climate at the sea-coast. 

RADISH. See Kitano. 

RAIN-TREE. See Ram6n. 

RAMON, Ramoncillo, Palo de Ramdn; Trophic raccmosa (L.) Urban. 

An indigenous tree of the limestone hills of the lower and middle 
elevations, 10-15 m. The leaves are occasionally used for forage 
here. Never cultivated. 

RASPBERRY. See Frambuesa. 

RASPBERRY, PORTO RIOAN. See Zarsa. 

REINA DE LA NOCHE; Queen of the Night; Selenicereus grandiflora (L.) 
Britton & Rose. 

Cultivated in gardens; stems frequently colored reddish to deep 
purple. Several meters long, about 3 cm. in diameter; fruit egg- 
shaped, 8 cm. in length. Should be in all gardens in the dry dis¬ 
tricts. 

REMOLAOHA; Beet; Beta vulgaris L. 

One of the commonest of the “temperate” vegetables; succeeds 
well in the cooler, moister districts. 

Several varieties marketed. Unknown wild, but probably a much 
changed form of a sea-coast plant of Western Europe. The sugar- 
beet (B. vulgaris var. saccharifera Alef.) has succeeded at Trujillo 
Plant Propagation Station. 

RICE. See Arrox. 

ROSEAPPLE. See Pomarrosa. 

RUDA; Rue; But a chalapensis L. 

This strong-smelling garden herb from the Mediterranean region 
is fairly common throughout the Island. 

RUE. See Ruda. 

RHUBARB. See Ruibarbo. 

RUIBABBO; Rhubarb; Shewn Bhaponiiewn L. 

Practically unknown in cultivation in the interior but growing 
well at the Plant Propagation Station at Trujillo; this Siberian 
plant, however, will probably not well endure the hot seasons. 
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BTJYABAGA; Brassica campesiris L. var. Napobrassiea DC. 

A rare forage vegetable; cultivated only occasionally for stock 
feed. Succeeds fairly well at Trujillo. 

8ABOBIJA, Tomillo; Thymus vulgans L. 

No kitchen-garden here should be without this first-class seasoning 
herb from Europe; a few leaves cooked with beans, stews, maize 
dishes, etc., add an appetizing fiavor. 

SAGE. See Salvia. 

8AL8IFX; Salsify; Tragopogon porrifolius L. 

Apparently recently introduced; succeeds fairly well, especially 
in the higher elevations such as the Cayey Model Farm; it is being 
tested at several localities. Native of South Europe. 

SAL8IFX ESPAJtOL; Scolymua hinpanicus L. 

This rare root crop from Southern Europe is being tested at the 
Cayey Model Farm. 

SALVIA; Saga; Salvia of emails L. 

For a “temperate” (European) Ilerb this species behaves \ery 
well even at sea-level here. The very distinctive leaves make an 
excellent tea and should be used more commonly in stews and in 
seasoning meats. Plants 18 months old at the Trujillo Plant Propa¬ 
gation Station have been in flower for several months and are be¬ 
coming decidedly woody at the base. Recommended for general 
cultivation. 

SAMAN, Quango; Bain-tree; Samanea Soman (Wild Merrill. 

Naturalized (from Mainland Tropics) long ago; forage tree, 
8-20 m. Rarely planted here for forage; testing as a wind-belt 
species at Vega Baja, Arecibo and Cayey Model Farms. Curved 
black pods, very nutritious for swine and cattle. 

BANDALO DE JABDIN, Verba Buena; Mint; Mentha nemorosa WiUd. 

The delightful odor of its leaves makes this Old-World species 
welcome in every garden; unfortunately rare here. Naturalized 

8ANDIA; Watermelon; Citrullus Citrvllvs (L.) Karat. 

This garden fruit is very difficult to grow here, but small, usually 
pale-fleshed specimens are sometimes marketed. All the (few) va¬ 
rieties seem very susceptible to fungus and insect attacks. Not 
worthy of general cultivation here. 

SAPOTB BLANCO; White Sapote; Casimnaa edulu. La Llave and C. tetia- 
mena, • 

Recently introduced Central American second-class fruit trees, 
8-6 cm. Rare; several fruiting trees near Rio Piedras show per- 
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feet adaptation to our coastal climate, though they are supposed to 
be sub-tropical and to never succeed in the Tropics below 1,000 xn. 
elevation. Very variable as to fruit characters; there are several 
named forms (budded California varieties) in the trade. 

SAPODILLA. See Niapero. 

BAPUOAIA; Leoythis usitata. 

This excellent Amazonian nut-tree has recently been introduced 
at the IT. S. Experiment Station. 

8ATSUMELO; Citrus nobilis var. Unshiu X C. grandis. 

A new hybrid between the Satsuma orange and a grapefruit. 
Five young seedlings were received in December, 1924, at the Plant 
Propagation Station at Trujillo from the U. S. Department of Agri¬ 
culture. 

S00R80NEKA. See Escorclonera. 

SEBUOAN; Cephalocereus Reyeni (L.) Britton & Rose. 

A short-trunk species, branching above, 2-8 m. high, growing on 
the southern side of the Island. Fruits 5 cm. in diameter, gre^n 
or reddish, the pulp red, with many small black seeds. Also occurs 
on the neighboring islands. 

SEBUOAN. See Pitajaya. 

SESAME. See AjonjolL 
SHALLOT. See Eschalots. 

SHADDOCK. See Toronja. 

SHEA-BUTTER. See Manteca de Shea. 

SIAMELO; Citrus nobilis (King Orange) X C. grandis. 

One of the new hybrids between the Mandarin and Pomelo. Two 
varieties, one with a Shaddock, the other with a Grapefruit parent, 
were received in December, 1924, at Trujillo Plant Propagation 
Station. 

SILANI; Philippine Oowpea; Tigna marina (Brum.) Merrill. 

Found here in 1914 at Punta Cangrejos, wild. Introduced (as 
a new form, probably) from the Philippine Islands (presented by 
the Bureau of Agriculture) in October, 1924, as a cover and forage 
crop. Unlike most similar legumes, this species, according to Mr. 
P. J. Wester, Agricultural Advisor to the Philippine Government, 
can readily be propagated from, cuttings; and since the stem reaches 
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2-3 m. this is very important, especially when planted in loose sandy 
soils. Seeds too small and too few for use as human food. Being 
tested (at Arecibo Model Farm and Trujillo Station) as a forage 
plant. 

8IM0AMAS; Tam Bean; Caoara tuberosa (Lam.) Britton. 

Formerly rather commonly cultivated for its turnip-like roots; 
rare now. Ripe seeds not eaten but young pods may be used. 
Origin not known. Highly prized in Mexico where the watery, sweet 
roots are one of the commonest vegetables; eaten both raw and 
cooked. A brillant white starch can be made from the roots. The 
plant requires support—tree, fence, etc.—since it may attain a 
length of 10-15 m. 

SONOOYA; Annona purpvrea Moc. A Sessd. 

This second-class fruit tree of Mexico and Guatemala has recently 
been introduced at the U. S. Experiment Station; the tree is of 
moderate size, like the other Annonas, and is cultivated to some 
extent in Mexican an Central American door-yards. 

According to Popenoe, the fruit is round, 10-15 cm. in diameter 
and somewhat resembles the Coraz6n but its rind is covered with 
protuberances like those of the llama. Of value in the Department’s 
annona breeding work which is just beginning. 

SORGHUM. See Millo. 

SOURSOP. See Guan&bana. 

SPANISH PLUM. See Qnenepa. 

SPINACH. See Esplnaca. 

SPINACH DOCK. See Esplnaca sin aroma. 

8PONOE, VEGETABLE. See Esponja. 

SQUASH. See Oalabasa. 

STAR-APPLE. See Oaimito. 

STRAWBERRY. See Fresa. 

SWEET-CORN BOOT. See Lsxdn. 

SWEETSOP. See Andn. 

SUGARAPPLE. See Andn. 

SUCCORY. See Achlcoria. 

SUNFLOWER See Glrasol. 

TABASCO. See Aji Pequefio. 
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TAGUA-TAGUA; Passifloro serrato-digitata L. 

A strong-growing, woody vine occurring in open forestB and 
along river banks at lower and middle elevations of the Island; 3-8 
m. Fruit roundish or oblong, 4-5 cm. 

TAMARIND. See Tamarindo. 

TAMARIND, MADAGASCAR. See Voa-Vanga. 

TAMARINPO; Tamarind; Tamarvndus indica L. 

Common naturalized third-class fruit tree, 5-15 meters. Planted, 
but never cultivated in orchards. Pulp (usually very acid, rarely 
sweetish) surrounding seeds used for 'making drinks and a paste 
with sugar. East Indies. The sugar content of the pulp is about 
31 per cent but this intense sweetness is completely disguised by the- 
12 per cent tartaric acid. 

TANGELO; Cttrv» nolilis deliciosa X C. grandia. 

Several trees of this first-class citrous hybrid have been intro¬ 
duced from the mainland (IT. S. Department of Agriculture) during 
the past 20 years, but probably because of the size of the fruit 
(8-12 cm.) and the comparative lack of interest in testing out 
citrous varieties locally, it has not been propagated here. A splendjjt 
old specimen, 4-5 m., of the Sampson variety is fruiting near Ha- 
yamon. 

TANGELORIN; Citru* nobihs dehetosa X C. grandts X C. nobilu (fora 

“King”). 

This double hybrid was received December 24, 1924, from the 
U. S. Department of Agriculture and is growing at Trujillo Plant 
Propagation Station. Having the “blood” of both the King and 
Mandarin blended with the Pomelo, the flavor of the pulp may prove 
less acid than that of the Tangelo. 

TANGERINE. See Mandarins. 

TARO. See Onlcas. 

TARO. See Malanga. 

TARO DE HAWAII; Caladvum Colooasia var. escvXenta (L.) Schott. 

Two high-grade Taros were sent from the Federal Experiment 
Station at Honolulu, II. T., in 1924 to the Plant Propagation Station 
at Trujillo. The Manaa has yielded a good crop of corns and cor- 
mels of the rather rare yellow color. The petioles are pale green 
with brown-rose bases. This plant appears to stand between the- 
true Taros and the true Dasheens. 

The Hapuu Taro closely resembles the Manaa but its numerous- 
small cornels are white. 
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TAYOTB. See Oheyote. 

TB; Tea; Then sinensis L. 

Introduced in 1903 by the U. S. Experiment Station at Mayagiie 
Shrubs here seldom attain over 1 m. (where they should reach se 
eral—up to 9 m.; plants spend their vitality in excessive flowerir 
with little leafage. Might succeed at Cayey or Utuado. Leaves po 
sess good strength. A strong old plant (1 in.) is in evidence i 

TT'11- T —_T»_ 

v iua jucuu, uoai i/ajraiuuu. 

TEA. See TB. 

TEA, PARAGUAY. See MatA 
TEMPORANA. See Nigua. 

TETA DE BURRA. See G&imitill< 

THYME. See Saborija. 

TI ES. See uanisteL • 

TOMATE; Tomato; Lycopersxcon Lyvopcrsicum (L.) Karst. 

This old South American vegetable is not now grown on a larj 
scale; limited local consumption. On account of the bacterial bligl 
(Bacillus solanacearum ), which seems to be present in practical 
every district, it is seldom possible to get a good * *stand ’ 9 of plant 
although individual plants may produce excellent fruits before su 
cumbing to the blight. Several standard varieties are grown in 
small way; the Stone and the Ponderosa ar<' popular. Both tl 
botanical varieties cerusiforme Alef. and pyriforme Alef. have give 
fair results. Fresh imported seed is used; otherwise the variei 
reverts. 

TOMATE DE ARBOL; Tree Tomato; Cyphomundra betacea (Gav.) Sendtn. 

This South American fruit vegetable was introduced in 1903, < 
perhaps earlier, and is now well established in the Maricao distri 
and probably in other places; under cultivation it attains a heig 
of 3 or 4 m., though it usually begins to bear at 2 m. Apparent 
no variation, except as regards color and size of fruits; fruit usual 
oval or oblong, 5-12 cm. long, dull red or purplish, with a slight 
acid flavor distinctly tomato-like. Is usually cooked but may I 
eaten raw when — 1,1 — 

TOMATO. Sea Tomato. 

TOMATO, HU8JL See 1 
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TOROMJA; Grapefruit, Pomelo. Pummelo, Blutddock; Ciitnu grandit (L.) Oe- 

beek. 

This old South Asian species probably reached the Island some¬ 
where about the first or middle of the last century but no interest 
naturally awakened in the bitter, coarse fruits of those times and 
it was not until about 1902 that commercial interest was awakened 
in the named varieties of the so-called ‘‘grape fruit.” 

The U. S. Census Beport for 1920 showB 219,000 bearing and 
114,000 non-bearing trees. The acreage is estimated at about 4,500. 
During the past 2 years some 100 acres of unprofitable orchards in 
the Vega Baja-Manati section have been uprooted. 

In the 1009-10 season the number of boxes exported was 48,441 
(valued at $162,749); in 1919-20 the number was 419,629 (valued 
at $1,332,742); in the 1923-24 season the export was 666,648 boxes 
(valued at $2,000,000 which was an increase in value of some 44 
per cent over the previous season); the 1924-25 season’s output is 
estimated at 690,000 boxes. 

About 1920 experiments in canning grapefruit were started here 
and in the 1921-22 season a beginning was made on a commercial 
scale. In the 1922-23 season 7 canneries were active and about 
75,000 cases of tins worth about $5 per case were put up. Prom 
various causes this canning business was not so successful in the 
1923-24 season and at present comparatively little is being done. 
One of the canneries has at last begun to save a portion of the peels 
and seeds from cutting tables, as recommended by the Division of 
Agricultural Development, drying them in a special dehydrating 
apparatus (modeled after those at the By-Products Plant in Maya- 
giiez). This dried and ground peel and seeds will probably hold 
a place in the cattle feed market here in competition with the 
imported feed stuifs. 

The following varieties are the most popular here: 

Duncan. This old Florida favorite has oblate, good-sized 
fruits, with a moderate amount of seeds and a well flavored 
juice abundant in a grayish-green pulp. Very popular 
here. 

Ellen. A pink-fleshed variety, originating about 1907 at 
Oneco, Fla.; flavor excellent; not popular. 

Foster. This very intresting variety originated a few years 
ago at Manavista, Fla., as a ‘‘sport” from the Walters; 
pulp and juice a rose pink or purplish color—sometimes 
showing through the yellow peel; very early and should 
become very popular as an “ade” fruit, now that cheap 
juice extractors are available. 
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Marsh, Marsh Seedless; ranks with Duncan as the most pop¬ 
ular variety here today. A medium-sized sort, with light 
yellow, very smooth rind; juice abundant with fair flavor: 
nearly or quite seedless. Originated at Lakeland, Florida, 
about 1895. 

Pink-fleshed; two or three presumably distinct varieties have 
been introduced here (both in the Mayagiiez and north 
coast districts) but they appear not to be popular here; 
extended trials should be made. Several varieties of the 
so-called Shaddock race have rose or even red pulx>; their 
peel is usually thick and the flesh is likely to be tough 
and bitter. 

Triumph; a fine-appearing fruit, seedy, juicy but rather lack¬ 
ing in flavor. 

The Alamocn is a peculiar type of Pomelo, introduced in 
1924 (at Trujillo Plant Propagation Station) via the l T . S. 
Department of Agriculture from Surinam. The fruit is 
reported as of very superior, distinct, mildly acid flavor. 
The young branches are blackish. Though no wild (Jitms 
species are extant in northern South America, this fruit, 
of unknown origin, may have to he classed as a '‘new’* 
quasi-cult i gen “mutant”. 

ttianchi; a strange “mutant”, having the flavor of a wild 
Pomelo, tiie rough and almost furrowed peel of a Limmi 
de Oabro, and the size of a large Shaddock (12-15 cm ; 
the leaves smell like those of the sour orange: and the 
spines are unusually long and numerous. Only one mature 
tree (in the Afiaseo Valley) in evidence. 

Pernambuco; one of the old Florida varieties of questionable 
value. 

Trcsva; a rare Florida variety. 

Several forms of the so-called wild, or seedling grapefruit an* 
in evidence; these are usually thick-peeled and bitterish. 

Unfortunately most of the growers here have not kept their 
varieties distinct, wherefore today it is almost impossible to tell 
anything about a grove tree except as to whether it bears seedless 
or seedy fruit. 

TBEBOL; Bed Clover; Trifolium pretense L. 

This Old-World forage crop is very rare and practically worth¬ 
less here. 

TBBBOL HUB AM; Hubam Clover; MelUotus alba Dear. var. annua Coe. 

One of the very best of the recently introduced forage crops. 
With inoculated soil it grows rapidly to 1.5-2 m.; seeds well within 
6 months. Is being distributed from Model Farms. Probably avS 
nutritious as alfalfa. Originated in Towa in 1916. 
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XBSBOL DEL JAPON; Jwu Glow, Letpedeta ftriata Hook* * A**. 

This Oriental hay and forage legume was tried out at ft# United 
States Experiment Station about 1903; it has never succeeded well. 
Gandul would probably produce 10 times as much forage on the 
same area. 

TBBE TOMATO. See Tomato do Arbol. 

TBIGO; Wheat; Tntunm cesUvum L. 

An old and extremely important cultigen of undetermined and 
probably multiple origin. Introduced at the Toa Grange about 
1515, but has never succeeded here as a crop. 

TRUMPET-WOOD. See XJagramo. 

TUNA BRAVA; Prickly Pear; Ojwntu i Dtlletm (Kei Gawl) Haw. 

A much branched cactus of the coastal zone, especially on the 
south side of the Island, also on Mona, Vieques and Icacos; 0.5 to 
2 m. high. Fruit pear-shaped, red or purple, edible, 5-8 cm. long. 

TUNA BRAVA (Lisa); Semaphore Cactus; Op an tut rubescens Saim-Dyek. 

This splendid tree-like species occurs wild in the southwestern 
district of Porto Rico, also on La Mona, Icacos, Vieques and Cule- 
bra. A spineless form was introduced in March, 1924, fron^the 
Gardens of the Danish Consulate in Charlotte Amalie, St. Thomas, 
V. S. V. I., the first 200 “pencas'’ giving only 2 living plants. Another 
introduction was made from the same source in November, 1924, with 
better results. Will probably become a first-class forage species on 
the south coast The peculiar habit of the branches (more or less 
horizontal) and the peculiar fruits which readily take root and 
produce new plants, distinguish this species from any other except 
perhaps a rare species occurring on Desecheo 

TUNA RRAVA; Tuna; Opuntui wXgarxs Mill. 

A tall species introduced from South America occasionally planted 
on the south side of the Island. 

TUNA DE ESP ANA. See Tuna Mania. 

TUNA MAN8A, Tuna de Eipafia; Cochineal Cactus; Nopalca cochinelhfera 
(L.) Balm (Dyck. 

Frequently cultivated, especially on the south coast; 3-4 m.; 
branches usually spineless or very nearly so. The young branches 
are seldom used for forage but more commonly for “cataplasmas”. 

Gould be used as in Mexico in soups and stews; the young, half- 
grown “pencas” cut in small dice or slices, give a mucilaginous 
character to the liquid in which they are cooked. Fruit red, about 
5 cm. in length. 
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WttA MAMBA} Xadiaa Fig; Opwtiia Ficus-indica (L.) Mill. 

A modi branched species, nearly or quite spineless, 3-6 in. 
Fruit red or yellow, 5-9 cm. long, cultivated very widely. 

TURMERIC. See Janglbrillo. 

TUNGULU. See Amatflnsuluj 
TURNIP. See Nabo. 

UMKOLO, Umkokolo; Dovyali» oaffra Warb. 

Second-class fruit tree, 3-7 m.; introduced by the U. S. Experi¬ 
ment Station, Mayagiiez, about 1903; from South Africa, used for 
preserver'. Distributing from the Trujillo Plant Propagation Sta¬ 
tion. 

UMKOKOLO. See Vmkolo. 

UFA; Grape; Vitis vinifera L. 

Several varieties have been planted here during the Span 5 sh 
regime; some very largo vines are in evidence, especially on the 
south side of the Island; but the fruiting qualities of the plants 
leave much to be desired. The leaves are attacked by at least 3 
species of fungi and the vitality of the plant is severely weakened 
thereby especially in the districts of heavy rainfall. 

The Bio Piedras Experiment Station has brought in a consid¬ 
erable number of the standard-named varieties from the mainland, 
but sine, a large percentage of these young plants is obviously 
doomed to disappear it is, at present, unfair to include them in a 
list of our food plants. 

The principal varieties of this species here are: Malaga, Carman, 
Muscat, Isabella, Almeria, Zante, Fresno Beauty, Flame Tokay, 
Thompson Seedless, Black Monukka, Royal, Thomas, La Salle, James 
Ellen Scott, Amurensis (probably a distinct species). 

UVA HIBBIPA; fits hybt. 

The following collection of hybrid-grapes (Munson types) was 
received in December, 1924, at the Bio Piedras Experiment Station 
from Texas, and it is expected that most if not all will endure our 
climate: 

Chompanel. 

Bailey. 

Lukfata. 

R. W. Munson. 

Edna. 

Fern Munson. 

Vitis Champinii (a cultigan). 
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TAT7TIA BLAHOA, YratU Bolllsa; Whits Ysutta; Xanthotoma cartum 0. 

Koch A Bouoh6. 

This is the best of the 15 or more distinct varieties of Yautia* 
which have been in cultivation here since the beginning of agri- 
culture, t 

The Rolliza is widely cultivated throughout Porto Rico but does 
not appear to be common in Santo Domingo, Jamaica, Cuba, nor in 
the other islands of the West Indies; however, it was taken over 
to West Africa, presumably in the slave ships, in the first half of 
tile 19th century, and was carried from that region into the Philip¬ 
pines and probably also into the East Indian islands during the 
latter half of the said century. The plant is rather above medium 
size with a distinctly glaucous green color with a few rows of lilac 
markings on the wings of the petiolar sinus. The cormels are of 
good size with a white bud at the tip; they cook up more soft than 
do most varieties of Yautia; they have one rather disadvantageous 
character,—the deep penetration of the cormels below the central 
rhizome. The rhizome itself is sometimes eaten but is not nearly 
so delicate in texture as the cormels, and must be “dried out” well 
after harvesting before cooking. 

The young unopened leaves of this variety are frequently used 
as a green spinach and in certain special stews and soups (“Cal-, 
lalous”) not only here but also in other West Indian Islands. The 
cormels, or so-called tubers, may be used in a great variety of ways 
on the table and are some 45 per cent richer in carbohydrates than 
the Irish potato; the fuel value (calories) per pound is about 529 
to 538 in the case of the yautia as against 385 for the Irish potato 
and 570 for the sweet potato. The starch grain of the yautias is 
about five times the size of the taro, or malanga, starch grain (one- 
thousandth to 3-thousandths of a mm.) 

YAUTIA OAXiAXiU; Oallalou; Xanthotoma hastatum Eggers. 

A rare species which was probably indigenous here in pre- 
Columbian times; recorded (by Eggers in 1879) as both wild in 
forests and cultivated in the Virgin Island as a “spinach” vegetable 
like the Be’embe. Two or three forms of Callalou were collected in 

* The “Yautias and Taniers of Porto Rico”, by 0. W Barret; Bull. No. 6, Federal 
Agricultural Experiment Station, 1025. 

This appears to be the first Bulletin written on these cropB, which have been consid¬ 
ered the oldest. * 

t The word “Yautfa", or, as it was originally written “Yahutfa”, meant, in the Are- 
wale language “place of (ya’> the Hutfa (or spiny rat, Oapromyt spp.); the Hutia was for¬ 
merly very abundant in Tropical America and it fed upon roots as well as fruits. The 
strange idea of the Arnwaks to name one of their principal crops after a place where they 
were wont to secure the Hutfa, is one of the most remarkable cases of the kind in etymology. 
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Trinidad, British West Indies, in November, 1924, and are now 
propagating at Trujillo Plant Propagation Station; they may 
belong properly to this species, but only a careful study of their 
flowers (if produced at all) can decide the question. They are 2 
to 4 times the size of our common Belembe, and appear more worthy 
of cultivation for their tender spinach-like leaves. As evidenced by 
the paucity of their flowers, they may have been cultivated longer 
than the Belembe. 

(A so-called Wild Tanier, or Tautia, of every uncertain relation¬ 
ship, apparently a “connecting link” between the callalous and the 
yautias, was found near a Hindu farmer’s garden in the mountains 
of northern Trinidad; under test at Trujillo Plant Propagation 
Station.) 

YATXTIA DOMINICA; Yantia Barnaul; Xanthosoma sagittafolwm (L.) Schott. 

This excellent (perhaps best of all* as regards the richness of 
the cornels) rare form is related to the Amarilla, but is larger, has 
more slender petioles with stripes or spots of purple on the sinus 
wings, and paler leaf-blades. Except for their over-firmness after 
cooking, the beautifully colored cormels are ideal, as far as any 
root can be in the way of concentrated nourishment and keeping 
qualities. 

YAUT1A QUAY AMD BA; Xanthosoma violaeeum Schott. 

This, with the Morada, is among the most striking of all culti¬ 
vated plants. The almost unique color of the petiole and larger veins 
of the blade—a glaucous blue “bloom” over a violet-black shade— 
distinguish these two varieties from all others. The cormels are 
very different from those of the Morada,—pale rose or purplish, and 
rather slender. The leaf-blade, bent at an acute angle with the 
stalk, hangs nearly vertical and gives the plant a highly ornamental 
aspect. 

Under various names it has traveled widely and has been for 
many years a popular ornament in the Botanic Gardens of the Far 
East. 

YATrriA SB HUBVO. See Yautia Marttolca. 

YAUTIA BUSftA; Xanthosoma sp.f 

Two forms are known of this rare indigenous variety, and they 
may prove to be botanically distinct; one from the west end of the 
Island has the flat leaf-blade of the Manola and excellent regular- 

* In Heft 71 of Das Pflansenreieh, A. Engler and K. Krause list 89 speciea and about 
20 rarieties of Xanikotoma. 
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shaped pinkish cornels; and one large (up to 2 m.) dark green 
form, from the south side, with high-colored cornels which are 
mealy and purplish when cooked, like those of the 'Vino. 

TAUTIA JAMAIGA-TBINID AD; Xanthotoma atrovirens 0. Koch & Boueh6. 

This, the largest of all known true yautlas, has been introduced 
several times from the U. S. Department of Agriculture but thus 
far is not yet widely cultivated here; at the Trujillo Plant Propa¬ 
gation Station this magnificent variety reaches a height of over 3 m. 
and in rich moist soil would probably attain 4.5 m.—as tall as the 
largest Tautia Palma. The petiole is reddish brown toward the 
base, purplish along the sinus wing, and glaucous blue-green above; 
the midrib and basal veins are mauve-purple beneath. 

The rhizome is orange-yellow inside, and the cornels are distinctly 
yellowish before and olive or grayish-yellow after cooking; the 
terminal bud is bright rose; the size is not so large in proportion 
to the size of the leaf as that of the rolliza, but cornels weighing 
0.5 kilo are common. 

The best of the introduced varieties. but it requires good soil for 
its proper development. 

A variety having leaf characters similar to this was obtained 
from Jamaica by the l T . S. Department of Agriculture, but its cormels 
are of a pronounced rose color, and the rhizome is pale rose inside. 
A similar variety having white-fecula cormels was sent to the U. S. 
Department of Agriculture from Kamerun, West Africa, about 1905: 
it probably originated somewhere in Central America. 

Another similar sort was obtained from Guatemala; it appeared 
even more vigorous and perhaps, more prolific than the type (which 
was obviously introduced into Trinidad from Jamaica). 

TAUTIA JEyQIBRTI.il.A; Xonthosoma atrovirens C. Koch & BouchA var. Xorhti 

Eng. 

A ran* indigenous species of uncertain relationship; this partic¬ 
ular variety not occurring outside of Porto Rico, it appears. The 
leaf-blade is flat, like the Manola, but the leaf-stalk is slender and 
colored, and the cormels are very peculiar in shape—like those of 
the Arrowroot (whence the name!). This very interesting variety 
should be preserved; without encouragement by the Government’s 
institutions it will probably soon become extinct (like many other 
sister forms, presumably). 

TAUTIA MANOLA; Xanfhosoma Carocu C. Koch & Bonchfi. 

An indigenous variety, apparently becoming rare, distinguished 
by its dwarf size, very flat leaf-blades, short green petioles, and short 
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rough cornels with a yellow or orange feeula. Since it endures dry 
soils better than any other variety, perhaps, it should be more widely 
grown. 

YAUTIA MAKTXMXOA, Yautia de Huevo; Xanthotoma tagitkefoUnm <L.) . 

Sehott (t). 

One of the handsomest and largest of all the 50 or more true 
yautfas. In rich moist soil this variety attains a height of 2-2.5 m.; 
it grows rapidly and matures in 8 to 11 months. 

The petioles are the most marked of all yautias; the basal por¬ 
tion is striped and blotched with cream yellow, light and dark green, 
and the sinus wings inside and outside are splashed with various 
shades of rose, maroon, and reddish brown. 

The cornels are cylindrical, have an unusual number of large 
roots, and (probably on that account) tend to produce leafy shoots 
from their terminal buds; because of the latter characteristics this 
yautia should be harvested as soon as it matures, the texture and 
flavor of a growing cornel being always coarser and less wholesome 
than a resting one. After cooking, the yellow feeula of the roots 
turns grayish or olive shade; like those of the Amarilla, the Mar- 
tinica cormels never cook up soft. The “madres”, or rhizomes are 
used on the table. 

This variety not only flowers very frequently but the flowers 
often sh>w teratological malformations. 

YAUTIA MOBADA, Yautia Prlata; Xanthotoma violacevm Schott. 

This deplorably rare but very striking plant probably originated 
either in Boriquen or in Quisqueya (Hispaniola) tens of centuries 
ago, since, in the Yautia survey of the world made by the author 
(1904 to 1908), no proof was obtained of its existence outside of 
these two islands; the rather closely similar, though botanically dis¬ 
tinct, Yautia Quayamera, however, is perhaps the most widely known 
of all yautias (though it has passed, in its guise as a decorative 
greenhouse ornamental, under many synonyms in many countries 
since its baptism in 1853). 

The violet-shaded leaves borne upright on blackish petioles are 
as stricking as those of the Quayamera; the blades are held, how¬ 
ever, at a normal angle with the petiole. The cormels are very dis¬ 
tinct; abort, abruptly pointed at each end, and their firm feeula 
is pale orange brown instead of rose purple. 

This, too, is one of our largest Yautias, in good soil attaining 
2-2.5 m. 
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Recommended highly for general planting—not only as a food 
plant but as an ornamental. 

YAUTIA ORQUETA; Xanthosoma Caraeu C. Koch A Bouch6 (f). 

One of the rarest endemic yautias, sometimes grown in one or 
two small areas of the interior of the Island. Belonging to the 
Amarilla group, but having very distinctive leaves—the palest of 
all known varieties (nearly white when grown in the shade 1), the 
sinus wing always has a few maroon blotches, however. The cormel 
is light or dark yellow inside. The plant is weak, dwarf, and liable 
to fungus attacks. While not recommended for cultivation (except 
in shaded places) it does have value as an ornamental and on ac¬ 
count of its strange color it deserves the respect of horticulturists, 
representing as it does an almost unknown and nearly extinct type 
of these, the oldest food plants of the world.* 

YAUTIA OTO, Yautia de Panara&; Xanthosoma *i>.f 

This strange variety, of uncertain relationship, was introduced 
in 1904 from the Canal Zone by the Experiment Station at Maya- 
giiez. 

• The leaf-stalks are reddish, remarkably erect, and have strongly 
reflexed sinus margins; the basal veins of the blade are less exposed 
than in most yautias. 

The cornels are of a beautiful rose shade. 

YAUTIA PALMA; Xanthosoma Jacquinii Schott 

This is the largest known specieB of this very interest ; n " group 
of plants; in favorable situations it attains a height of 3-6 m. un- 
doubtly indigenous if not endemic. Largely used as a pig feed; 
the coarse rhizomeB, weighing 5-15 k. or more, are boiled. One of 
the few species (of the 38 known Xanthosomas) which does not 
produce cornels. The nearly cylindrical rhizome grows almost en¬ 
tirely at the top, rising in old specimens to 1.5 m. or more above 
the ground. Semi-cultivated in colffee plantations—where its cool 
shade is believed to be beneficial: (the marginal veins of the leaf- 

* “Promising Root Crops for the South; Yautfas, Taros and Dasheens", by 0. W. 
Barrett, Plant Introducer, Office of Foreign Seed and Plant Introduction, U. S. Department 
of Agriculture, Washington, D. C ; issued Feb. 5, 3910. 

This bulletin seems to hare been the first attempting the # classification, on a more or 
less technical basis, of not only the Yautias, Taros and Dasheens, but also of the edible Alo* 
casias and Callalous, or Yautias used as a spinach vegetable; the classification was based 
on the examination of about 100 “numbers” of Yautfns and about 50 Taros and Dasheens, 
all grown under identical conditions in the tropical plant Propagation Houses of the U. 8 
Department of Agriculture, Washington, D. C. 
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blade do “weep”, especially after rain in hot weather,—a common 
habit amtong Aroids). 

YATJTIA PANAMA. See Yautia 0*6. 

YAUTIA PUNZEBA. See Yantia Vino. 

YATJTIA BOLLXZA. See Yantia Blanca. 

YATJTIA SAMANAL. See Yantia Dominica. 

YATJTIA VINO, Yantia Punzera; Xanthosoma sagittcefolium (L.) Schott (t). 

A rare old variety, so named from the claret-colored cormels 
which are perhaps the best flavored of all Yautias and also of ex¬ 
cellent texture when cooked. The petiole is purplish along the 
sinus wing's; the blade is dark green with light veins. 

YEBBA BUENA. See S&ndalo de Jardln. 

YEBBA BUENA DEL JABDIN; Bergamot Mint, Oarden Mint; Mentha extrata 
Ehr. 

A fairly common flavoring herb here. Deserves a shady moist 
comer in every garden. Old World in origin, but now cosmopolitan. 
Produces stems up to 0.5 m. 

YEBBA ELEFANTE; Elephant Grass, Napier Grass; Penn in el am ;>u? part ami 
Sehuni. 

Recently introduced and rapidly becoming one of the most popu¬ 
lar forage grasses in the West Indies; habitat, Africa; 2-4.5. At 
the Cayey Model Farm a plat attained a height of 4 m. in about 3 
months. When cut in a forage-cutter only the butts of the larger 
stems are refused by cattle and horses; swine chew up the cut por¬ 
tions of the culm but do not swallow much of the bagasse. 

Adapts itself to almost any soil, but drought in sand prevents 
its due development. Propagated by stem cuttings, like cane. Ele¬ 
phant-hay meal may properly become one of the common tropical 
feeds of the future. 

YEBBA DE GUATEMALA; Guatemala Grass; Triptacum laxum Nash. 

Of recent introduction through the Experiment Station at Maya- 
giiez. In deep moist soil this rank grass about equals Elephant 
Grass as a heavy producer; it endures several cuttingB, the stools 
gradually spreading till nearly all the space is filled. Propagated 
by root division and stem (base) cuttings. Not adapted to shallow, 
hard or dry soils. _ * 

YEBBA GUINEA; Guinea Grass; Panieum maximum Jarq. 

This commonest forage of the Island, native of Tropical Africa, 
is today probably the most widely cultivated grasR in the Tropics 
of both Hemispheres. 
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Propagated almost entirely by division of the root clumps, small 
handfuls of the culm bases set into the soil about 2 to 4 an. apart. 
Seeds freely if clumps are unmolested for 6 months; attains 2-4 m. 
Regularly pastured, but sometimes cut and sold in bundles; very 
seldom made into hay here. In rich soil with the proper amount 
of water this comparatively rich grass may be cut or fed down 
every 3 months; a yield of 118 tons from 1 acre has been reported. 
Elephant Grass is superseding this old species in many districts. 
The hay can readily be ground and stored in sacks. 

Probably brought hither from the Guinea coast by the slave ships, 
on which it was “used for bedding". 

TERRA KIKUYU; Kikuyu Ones; Petmiseivm olandertinum Chiov. 

Recently introduced from East Africa. 

A sweet, lush grass, easily propagated (by stem cuttings), but 
not enduring pasturing so well as expected, according to tests at the 
Insular Experiment Station. 

TERRA DE MEItADO; Molasses Grass; Uelinxs mtnuUflora Beauv. 

A South American forage grass of considerable merit for certain 
conditions, but its popularity seems to be decreasing; 1-1.5 n** A 
strong odor of molasses is given off by this plant, especially when 
in flower and in full sunshine. 

It has gained some popularity as a tick eradicator, but this 
quality seems to be largely fanciful. 

TERRA MORA, Mata Oalllna; Garden Nightshade; Solatium nigrum I,. 

This weed, common in many districts, is sometimes used like a 
spinach, though by many believed to be poisonous. 

One of the most variable species of plants known. Some races 
produce edible fruits—Sunberry, Wonderberry, Morelle, etc. 

TERRA PARA. Hee Malojillo. 

T0OA, Oasabe; Cassava; Manikot Manikot (L.) Cockerell. 

Two types of this plant are recognized by the farmers of the 
island. There is probably no botanical distinction between these 
types, the Dulce and the Brava. Here the Brava or Bitter, variety 
is used almost entirely for the production of starch, while the Dulce 
or Sweet is boiled, baked, and sometimes fried. Grated yuca, slightly 
pressed to remove a portion of the starch, is used in thickening food 
and also in the form of thin cakes, partly toasted over a slow fire, 
to make “tortilla de casave" and “empanada", which are articles 
of domestic commerce. Special machinery is sometimes used for 
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extracting the starch on a fairly large scale. The following va¬ 
rieties of the Brava are recognized: 

Bata Paloma. A popular variety for starch. Leaves purplish. 
Yields well. 

Palo Bkmco. A green-stemmed, small-growing sort. 

Coriana. One of the largest starch yucas. Leaves' purplish 
beneath. 

Blomquilla. Purple stems and petioles. 'White root. 

Several other varieties, under many names, are known. Some 6 
or 8 varieties were introduced from Jamaica in 1903. 

The following varieties of Dulce are more or less common through¬ 
out the Island: 

Ceiba. A large, strong-growing white sort. 

Coriana. Resembles the Coriana Brava, but has greener stems 
and leaves. 

Alameya, or iSeda. An excellent table root with yellowish, 
rich fecula. 

Pana. The best table sort. Purple petioles. 

A yellow-fecula variety from Trinidad was introduced in No¬ 
vember, 1924, and is propagating. Several yellow varieties, were 
introduced from Colombia via the U. S. Department of Agriculture 
at the Mayagiiez Experiment Station. Seedling varieties have never 
been properly tested here, although seeds are readily produced in 
vigorous plants, 10-15 months old. 

YUQUIUiA, Maranta; Arrowroot; Afaranta arundiiwea L. 

Originally from South America, this once very widely cultivated 
root-crop is now rarely grown here. No variations (except the 
white-variegated form) known here. 

As in the case of the Maraca, the strong longitudinal fibers pre¬ 
clude using it on the table. The readiness with which the large 
starch grain is removed from the fecula, however, makes it a favorite 
with the small farmer who prefers to grow his own starch. 

Propagated from the white, scaly, tuberous rootstocks. 

ZANAHOBXA; Carrot; Dauout Carota L. 

The cultivated variety (sactiva DC.) of this old root-crop native 
to Europe, North Africa and Asia, is one of the commonest vegetables 
here. When quickly grown the roots are of good flayor without 
fiber and with no bitterness. It is in t£e markets practically every 
day of the year. Only comparatively few varieties are in evidence. 
Same large varieties have been tested at the Model Farms and the 
Trujillo Plant Propagation Station as cattle forage. 
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ZAREA; Porto Rican Raspberry; Bubui fiorvlentua Focke. 

Wild species found, according to Britton & Wilson (“Scientific 
Survey of Porto Rico and the Virgin Islands”) in the mountain 
forests of Maricao and Adjuntas. Since this species attains a length 
of 10 m. it may prove of value as a parent. 

ZARZA. See Frambnesa Oomtin. 

ZARZAMORA OOMTTN; Common Blackberry; Bubm orgutua Link. 

Recently introduced by the Insular Experiment Station; a very 
prickly plant, 1 m.; may succeed in the higher elevations. 

ZARZAMORAS MIS0ELANEA8; Miscellaneous Blackberries. 

The 3 following species have been introduced at the Insular Ex¬ 
periment Station: 

Jiubus cAineifolius Pursh. Sand Blackberry. 

Rubvs procerus Muell. Himalaya Blackberry. 

Jiubus Joganoboccus Bailey. Loganberry, Calif. 

Some of these Rubi, it is believed, will eventually not only supply 
the great lack of these fine fruits here but may be exported. 

Some have begun fruiting at Cayey and San Sebastian Model 
Farms. 



ADDENDA 


The following species of “Citrus relatives’' were received during 
August, 1925, from the U. S. Department of Agriculture: 

AMONTAY; Citrus hystrix DC. vnr. 

One of the best of the many varieties of this species. 

OXDRA OLOROSA; Perfume Citron; Citrus medico orlorata. 

Probably from S. China. Introduced at Villa Leon several years 
ago, bttt lost. 

CHINA CLBMENTIN; Clementine Orange; Citrus hyb. (f) 

Supposed to be a hybrid between the Naranja and a Mandarin 
known as “Dancy Tangerine”. 

DELANDAN; Citrus sp. 

A rare fruit from the Philippines. 

ETROQ; Citrus medico L. vnr. 

This rare variety of citron is used ceremonially by the Jews. 
The fragant fruits bring high prices. 

ISKAIaAN; Citrus sp. 

One of the least known of the Oriental citrus fruits. 

KABAYA0; Citrus (Papcda) hystrix DC. 

An old Philippine species. Pulp cells contain oil. 

KAVISTA BATH; Feroniella lucid a 8w. 

From Java. Fruit roundish, 4-6 cm. 

XUMQOAT DE AUSTRALIA; Finger Lime; Microcitrus australasva (F. 
Muell.) Swg. 

From Queensland. Fruit edible. Drought resistant. 

KHHQHAT EE HONOKONO; Hongkong Wild Kumquat; FortuncUa hindssi 
(Oliv.) Swg. 

From Hongkong. Fruit roundish, reddish. 

LEMONQUAT; Citrus hyb. 

A hybrid between the Kumquat and the Lemon. 

IalMON DE CHINA; Chinese Box Lime; Beverinia bunfolui (Oiv.) Ten. 

A spiny shrub from South China. Fruit black. 

UMON DE DAVAO; Davao Lemon; Citrus sp. 

This Lemon-like fruit comes from St E. Mindanao, P. I. 

UMON DE GABON; Polr-a-poudre; Balsamocitrus gaboncnsis 8w. 

From W. Cent. Africa; of value in breeding work. 
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LEMON DE ZNDO-OH1NA; Atlantia oitrocides Pierre. 

Small tree from Indo-China. Fruit orange-like, 2 cm. 

LXMON DE SUDAN; Citropsis SchweinfvrthU (Engl.) Sw. & M. Kellerman. 

A very rare “citrus relative” from the Sudan. Fruit lime-like, 
3 cm. in diam., with, a meet pulp. 

MAMZS; Philippine M anda ri n; Citrus vobtiis var. 

The old Philippine Mandarin is one of the largest and best. Peel 
giceii. Comes true to seed. 

ORANGEQUAT; Citrus hyb. 

Another new hybrid between China and Kumquat. 

TABOO; CJuriojtpormum phitinosa (Merrill) 8wg. 

From Luzon, P. I. Fruit 5-8 cm. in diameter. 

TAIiAMISAN, Tamlaan; Citrus Xongispina Wee. 

First-class fruit tree, 5 m., from the Philippine Ids. Fruit 6 cm., 
very juicy. 

TANGELOLO; Citrus hyb. 

Hybrid between the Sampson Tangelo and a Grapefruit seedling. 

TANGELOS; Citrus hyb. 

Besides the already noted Sampson, the Thornton and Williams 
varieties are now in evidence. 

TOBONJA DE CHINA; Chinese Ptunmelo; Citrus grandis (L.) Os beck. 

A Chinese variety of the Oriental Grapefruit, or Pumelo. 

WOOD-APPLE; Frronia Limonia (L.) 8wg. 

Oriental fruit tree. Fruit 6-9 cm., edible 

The following species were inadvertently omitted from previous 
text: 

APRIN; undetermined species. 

A rare fruit grown in Vieques; tree medium-sized, fruit 2-4 cm. 
n diameter, green; pulp more or less sour. 

1ABL; BmI Fruit; Belou Marmelos (L.) (W. P. Wright) Coma. 

Third-class fruit tree from North India. Introduced in 1913 at 
r illa Le6n, Bayamdn. 

IGNAT; Antidesma bunius 8pr. 

Second-class fruit-tree from Philippine Ids., recently introduced 
ear Bayamdn. 

ABOLO; Diospyros discolor Ww. 

Second-class Philippine fruit tree, introduced about 1910 at the 
ederal Experiment Station. 
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AbcAmoschus Abelmoschus (I#.) Cook 6 Collins. Algalia. 

Abelmoschus esculentus (L.) Moench. Guingambo. 

Aehras Zapota L. Mamey Sapote. 

Acrocomia aculeata (Jacq.) Lodd. Palma de Oobozo. 

Aetinidia arguta Miq. Actinidia. 

Agati grandidora (L.) Desv. Gallito. 

Aleurites moluccana (L.) Willd. Nuez de la India. 

A?|iiutn aacalonicum L. Esghalota. 

Allium Cepa L. Cebolla. 

Ailiuw* datulosum L. Cebolla be Gales. 

Allium Porrum L. Puerbo. 

Allium sativum L. Ajo. 

Allium Rchcpnoprassum L. CkbollIn. 

Alocatiia macrorhiza (L.) Schott. PanamA. 

Amarautus tricolor L. Haum. 

Amomis caryophyllata (Jacq.) Krug & Prban. Malagueta. 

Amygdalus Porsica L. Mblooot6n. 

Anacardium occidental? JU Pajuil. 

Anamomis umbellifera (H. B. K.) Britton. Oruela d* Santo Domingo. 
Ananas Ananas (L.) Cockerell. PiSa. 

Anethum graveolens L. Eneldo. 

Annona Chcrimolia Mill. Cufrimoya. 

Annona (liversifolia Safford. Ilama. 

Annona glabra lw. Ooraz6n Cimarron. 

Annona r 3ntana Macf GuanAbana Cimabrona. 

Annona murlcatu L. GuanAbana. 

Annona (.'iipumi Men*. & Hcbs£. Somova 
Annona reticulata L. Coraz6n. 

Annona soncgalensis Pers. Anigli. 

Annona squamosa L. An<Sn. 

Annona hyb.: A. squamosa X A. Cherimolia. Atemoya. 

Anthemis nobilis L. Oamomjla. 

Apium graveolens L. Apia 

Apium graveolens L. var. rapaceuni DC. Apio Nabo. 

Apium Petroselinum E. Peeejil. 

Arachis hypogira L. Man!. 

Arduina bispinosa (L.) Desf. Amatungulu. 

Arduina Carandas (L.) Britton. Karanda. 

Arduina Carandas (L.) Britton var. dulcis P. J. Wester. Perunkila. 
Arduina grandillora E. Meyer. Amatungulu. 

Arecft Catechu L. Palma de Betel. 

Arenga pinnata Merrill. Palma de AztfCAR. 

A'rmoracia Armoracia (L.) Cockerell. RAbano Picante. 

Arracacia xanthorrhiza Bancr. Arracacha. * 

Artocarpus communis Forst. Pana de Pepita. 
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Artocarpus inciaa L. f. Pana. 

Artocarpus integrifolia L. Jak. 

Artocarpus Lakoocha Boxb. Lacucha. 

Asparagus officinalis L. Eb#Xrrago. 

Athyrocarpus persicarimfolius (DC.) Hems I. CofTRE. 

Avena sativa L. Avena. 

Averrhoa Carambola L. Carambolo. 

Basella rubra L. Libato. 

Benincasa hispida Cogn. Oondol. 

Beta vulgaris L. Remolagha. 

Beta vulgaris L. var. Cicla (L.) Moq. Acelga. 

Bihai Bihai (L.) Griggs. PAmpano. 

Bixa Orellana L. Aohxote. 

Blighia sapida Koen. Akee. 

Brassica campestris L. var. Napobrassicu DC. Rutabaga. 

Brassica caulorapa Pasq. Oolinabo. 

Brassica japonica Sieb. Mostaza. 

Brassica oleracea L. var. acephala DC. Berza. 

Brassica oleracea L. var. botrytis L. Oouflor. 

Brassica oleracea L. var. capitata L. Ool. 

Brassica oleracea L. var. gemmifera DC. Ool de Brusblas. 

Brassica oleracea L. var. ramosa Alef. Berza de Gan ado. 

Brassica pekinensis Rupr. Pe-tsai. 

Brassica Rapa L. Nabo. 

Bromelia Pinguin L. Maya. 

Brosimum Alicastruin Schwartz. Nuez de Pan. 

Byrsonima spicata (Cav.) DC. Marioajo. 

Cacara erosa (L.) Kuntze. Habilla. 

Cacara tuberosa (Lam.) Britton. Sincamas. 

Cajan Cajan (L.) Millsp. Gandul. 

Caladium Colocasia (L.) W. F. Wight. Culcas, Malanga. 

Caladium Colocasia var. esculentha (L.) Schott. Taro de Hawaii, Malanga. 
Caladium Colocasia var. esculenta sub-var. globulifera Engl. & Kr. Dabheen 
Trinidad. 

Caladium sp. Dasheen de’ Azufre. 

Calathea A'llouia (Aubl.) TindL LerSn. 

Gampclia Zanonia (L.) H. B. K. CofTRE. 

Canavali ensiformis (L.) DC. Canavali. 

Canavali gladiata DC. Canavali Colorado. 

Canavali maritima (Aubl.) Thou. Mato de Plata. 

Canella Winterana (L.) Gaertn. Canela de Oobta. 

Canna edulis Her. Maraca. 

Oapriola dactylon (L.) Kuntze. Grama. 

Capsicum annuum L. AjI, Pemiento. 

Capsicum annuum L. var. acuminatum Fingh. Ajf Grande. 

Capsicum annuum var. conoides Irish. AJi PequkSo. 

Oarica papaya L. Leohosa. 

Oarum carui L. Aloaravea. 
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Oaryophyllus aromaticus L. Claw de Ebpecia. 

Caryota urens L. Palma de Vino. 

Casimiroa edulis La Llave. Safote Blancx). 

Casimiroa tetrameria. Sapote Blanoo. 

Castanospermum australe A. Cunn. CastaAa de Australia. 

Qecropia peltata L. Llagrumo. 

Cephalocereus Beyeni (L.) Britton & Bose. Sebugan. 

Oerefolium Cerefdlium (L.) Britton. Oerafolio. 

ChioruphyHuni bulbosum L. Cebafolio Buldoso. 

Cha*tochloa (Setaria) italicu Beauv. Miluo de Italia. 

Chrysobalanus Icaco L. Ioaoo. 

Chrysophyllum argenteum Jacq. Caimitillo Verde. 

Chrysopby'Hum bicolor Poir. Caimitillo. 

Chryfiophyllum Cainito L. Caimito. 

Chrysophyllum oliviforme L. Caimitillo. 

Cicca disticha L. Gbosella. 

Cicer arietinum L. Garbanzos. 

Cichorium Endivia L. Escarola. 

Cichorium Intybus L. Achiooria. 

Cinnamomum Cassia Blume. Canela de China. 

Cinnamomum zeylanicum Ness. Canela. 

Citrullus Citru'llus (L.) Karst. SandIa. 

Citrus aurantifolia (Christm.) Swg. Lima. 

Citrus aurantifolia X C. Limonum. Lemonime. 

Citrus aurantifolia X Fortunella Japonica. Limequat. 

Citrus aurantium L. Naranja. 

Citrus grandis (L.) Osbeck. Tobonja. 

Citrus hybrid. Lim<3n de Cabra. 

Citrus lituetta Bisso. Lim6n Dulce. 

Citrus limonium Bisso. Lim<5n. 

Citrus medica L. Cidba. 

Citrus mitis Blanco. CalamondIn. 

Citrus nobilis Lour. Mandarina. 

Citrus nobilis var. deliciosa X C. grandis. Tangelo. 

Citrus nobilis var. deliciosa X C. grandis X C. nobilis. Tangelobin. 
Citrus nobilis var. Unsbiu Swingle. Mandabina Satsgma. 

Citrus nobilis var. Unsbiu X C. grandis. Satsomelo. 

Citrus nobilis (King Orange) X C. grandis. Tangelo. 

Citrus sinensis (L.) Osbeck. China. 

Citrus sinensis X C. grandis. Obangelo. 

Citrus webberi P. J. Wester. Kalpi. 

Citrus sp. Cidba Duloe. 

Clauseuu lansium (Lour.) Skeels. Wampl 
Clitoria ternatea L. Bejuoo de Oonchitas. 

Coccolobis uvifera (L.) Jacq. Uva de Mab. 

Ooccolobis venosa L. Calambbx&a. 

Cocos nucifera L. Oooo. 

CodFea abeokuta Or. Ca t & de Abboktjta. 

Coffea arabica L. Caf£ OomtJn. 

Coffea canephora Pre. Cap* Canejora. 
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Ooffea eongensis (Fro.) De Wild. OAart de Oonckk 
C offea Dewevrei De Wild. CAitt be Dkwbvee. 

Coffea Dybowskii Pierre. CArife de Dybowbxi. 

Coffea excelsa Chev. Caf£ Excelsa. 

Ooffea Laurentii De Wild. Caf£ del Congo. 

Coffea liberica Hiern. Cat# de Liberia. 

Coffea quillou. Caf& Quillou. 

Coffea robusta L. Caf£ Bobusta. 

Coffea stenophylla G. Don. Caf£ Estknofila. 

Coffea *‘ugundie’\ Oaf£ IDbrido. 

Coix Lachryma-Jobi L. CamIndulas. 

Coix Lachryma-Jobi var. Mayuen Stapf. Adlay. 

Cola vera Schott k Emil. Cola. 

Coleus amboiniciis Lour. Oreo\no Brujo. 

Coleus rotundifolius Chev. & P. Kemili. 

Commelina clcgans H. B. K. OoItrl. 

Commeiina longicaulis Jacq. OoItre. 

Colubrina reclinata (L’Jler.) «Brogn. MabI. 

Cordia blancoi. Anonang. 

Coriandrum sativum L. Cilantro. 

Oorj’pha e/lata Roxb. Palma df Talipot. 

Orotalaria ineana L. Matraca. 

Crotalaria juncea L. Matraca. 

Crotalaria retusa L. Matraca. 

Cucumis Anguria L. Pepin illo. 

Cncumis Melo L. Mkl6n. 

Cucumis sativus L. Pepino. 

Cucurbita Lagenaria L. Guiro. 

Curcuma longa L. Jengibrildo. 

Cyamopsis psoralioides DC. Guar. 

Cynara Seolymus L. Alcachofa. 

Cyphomandra betacea (Csv.) Seudtn. 'Pomatk dk Arbol. 

Dahlia pinnata Oav. Dalia df. Ae^car. 

Daucus Carota L. Z\nahoria. 

Dillenia indica I a. Hondapara. 

Dioscorea alata L. S\mk df Agua. 

Dioscorea altissima Lam. 5 ^ame Dungufy. 

Dioscorea Batatas Decne. 55 a me de la China. 

Dioscorea cayennensis Lam. ffAME Amarillo. 

Dioscorea esculenta (Lour.) Praia. &ame Papa. 
Dioscorea latifolia Benth. SJamk Akam. 

Dioscorea pilosiuscula Bertero. 55ame Gunda. 

Dioscorea polygonoides 11. & B. £5ame Hjcamo. 

Dioscorea rotundata Poir. 55 ame Guinea. 

Dioscorea trifida L. f. f?AME Mapuey. 

Diospyros Kaki L. Kaki. 

Ditremexa occidentalis (L.) Britton & Rose. Hedionda. 
Dolichos Lablab L. ChIchabos. 

Dovya'lis caffra Warb. Umkolo. 
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Dovyalis hebecarpa Warb. Ketembilla. 

Drypetes lateriflora (Sw.) Km# & Urban. Cibuela ok Guiana 
Durio zibethinus L. DubiAn. 

Ellis guineensis Jacq. Palma oe Aceite. 

Eriobotrya japonica Lin <11. Loquat. 

Eryngiuiu flcotidum L. Oulantro del Monti-. 

Erythrina Berteroana Urban. B£care. 

Erythrina Faoppigiana (Walp.) O. P. Cook. BiVark 
E rvum Lens L. Lentfjar. 

Eugenia spruginia DC. Guaravara. 

Eugenia axillaris (Sw.) Witld. Mubta. 

Eugenia Dombeyana Skeels. Grumichama. 

Eugenia floribunda West. Mubta. 

Eugenia Jambos L. Pomabrosa. 

Eugenia ligustrina (Sw.) Willd. Mubta (Palo de). 

Eugenia monticola (Sw.) DC. Biriji. 

Eugenia pseudopsidium Jacq. Guayaba Silvektre. 

Eugenia nniflora L. Cereza de Surinam. 

Euphorbia Lnngata Tjpur. Lonoaw 

Feijoa Sellowiana Berg. Feijoa. 

Ficus Carica L. Higo. 

Flacourtia cataphracta Roxb. Oirufla de la China. 

Flacourtia Ramontehi L’Her. Ciruela de Madagascar 
Fnmiculum Fcpniculum (L.) Karst UiNO.ro. 

Fortunella japonica (Thumb.) Swingle. Kumqitat Rfdondo. 
Fortuneflln njargarita (Lour.) Swingle. Kumquat Largo. 
Fragaria «hiloensis Dnchesne. Frera. 

Garcinia Benthami Pierre. Bunag. 

Garcinia binucao Gy. Binukao. 

Garcinia indica L. Choisy. Kokam. 

Garcinia Mangostana L. Mangostan. 

Garcinia spicata Hook. f. Garcinia Espinosa. 

Garcinia tinctoria (DC.) Dawn. Garcinia. 

Oenipa americana L. Jaqua. 

Gmelina arborea Roxb. Ciruela de Malaya. 

Gossypinm barbadense L. Algoi>6n de Barbados. 

Gossypium brasiliense Macfad. Algod^n de Ri5Wn. 

Gossypium hirsutum L. Algod6n de Hilvestre. 

Gossypium pernvianum Cav. Algod6n del Per#. 

Gossypium pnrpnrascens Poir. AloodGn de Puerto Rico. 

Grias cauliflora L. Pera de Anchoa. 

Gulielma utilis Oersted. Pejjbaye. 

Harrisia portoricensis Britton. Pitajaya Amar&la, 

Belianthns annuus L. Gibasol. 

Helianthus tuberosus L. Alcachofa, 

Hieoria Pecan (Marsh.) Britton, Pecan, 
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Pereskia grandiflora Haw. Hortensia. 

Pereskia Pereskia (L.) Karst. Hortensia de Bejuoo. 

Persea Schiedeana Neis. Ooyo. 

Persea drymifolia Cham, ft Schlecht. Aguacatk de Mixioo. 

Persea drymifolia X Persea Persea. Aguacatk HfBRiDO. 

Persea Persea (L.) Cockerell. Aguacate. 

Persea sp. Aguacate de Caracas. 

Phaseolus aureus Roxb. Mung. 

Phaseolus lunatus L. Haba de Sieva. 

Phaseolus multiflorus Willd. Habichuela Galana. 

Phaseolus vulgaris L. Habichuela. 

Phoenix dactylifera L. Palma de DAtil. 

Phyllanthus Emblica L. Nelli. 

Physalis angulata L. Poha Silvestbe. 

Physalis peruviana L. Poha. 

Physalis pubescens L. Poha Silvestre. 

Physalis turbinata Medic. Poha Silvestbe. 

Pimenta Pimenta (L.) Cockerell. Pimienta. 

Pimpinella Anisum L. Anis. 

Piper incurvuin Sieber. Pi mien to Largo. 

Piper nigrum L. Pimiento Largo. 

Pistacia chinensis Bunge. Pistachio. 

Pisum sativum L. Petit -1*018. 

Pithecolobium dulce (Roxb.) Benth. Camanuhilf*. 

Portulaca oleracea L. * Verdolaga. 

Prosopis juliflora (Sw.) DC. Mesquite. 

Psidium cattleianum Sabine. Quay aba i>e Fresas. 

Psidium Guajava L. Guayaba. 

Pueraria hirsuta Schneid. Kudzu. 

Punica Granatum L. Granada. 

Pyrus communis L. Pera. 

Rajania cordata L. SLume Guayaro. 

RaphanuB sativus L. RXbano. 

Fheedia edulis Planch. & Triana. Ciruela del Monte. 

Rheedia madruno (H. B. K.) Tr. ft PI. Madrono. 

Rheum Rhaponticum L. Ruibarbo. 

Rhodomyrtus tomentosa Wight. Mirto Peludo. 

Rollinia mucosa (Jacq.) Baill. CacjhimAn. 

Rollinia sp. Birib a. 

Roystonea borinquena O. F. Cook. Palma de Yagua. 

Roystonea regia (H. B. K.) O. F. Cook. Palma de Yagua df Cub\. 
Rubus adenophorus Rolfe. Frambuesa. 

Rubus argutus Link. Zarzamora Oomvn. 

Rubus chiloensis Duchesne. Fresa. 

Rubus eoreanus. Frambuesa. 

Rubus cuneifolius Pursh. Zarzamora. 

Rubus ellipticus Smith. Frambuesa Am a rill a. 

Rubus florulentus Focke. Zarza. 

Kubus fmetuosus. Frambuesa. 
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Bubus glaucuB Benth. Frambuesa de dob Andes. 

Bubus glomeratus. Frambuesa. 

Bubus bawaiiensis. Frambuesa de Hawaii. 

Bubus idaeus L. Frambuesa Americana. 

Bubus innominatus S. Mone. FrambuXsa. 

Bubus lasiostjlus Focke. Frambuesa. 

Bubus loganobaceus Bailey. Frambuesa. 

Bubus Macrei. Frambuesa Arala. 

Bubus melonasius. Frambuesa. 

Bubus moluccanus L. var. Fairholmianus. Frambuesa. 

Bubus moluccanus L. var. macrocarpus. Frambuesa. 

Bubus niveus Thunb. Frambuesa de Nieve. 

Bubus occidentals L. Frambuesa Negra. 

Bubus probus Bailey. Frambuesa de Queensland. 

Bubus procerus Muell. Frambuesa. 

Bubus rosadolius Smith. Frambuesa Cowf’w 
Bubus Thunbergii Frank. Fraimbuesa. 

Bubus trivialis Michx. Frambuesa. 

Bubus sp. Frambuesa de Australia. 

Saccharum offieinaram L. CaSa de AztfcAR. 

Salvia officinalis L. Salvia. 

Samanea Saman (Willd.) Merrill. Saman. 

Sapota Achras Mil'l. NIspebo. 

Hcolymus hispanica L. Salsiti EspaSol. 

Scorzoiiera hispanica L. Esoorcionera. 

Nechtuir edule («lacq.) Swartz. CShayote. 

Selenico mis gran diflora (L.) Britton & Bose. Reina de la Noche. 

Sesamum orientale L. AjonjolL 

Sicana odorifcra (Veil.) Nand. Pepino Angolo. 

Sideroxylon fcetidissum (Jacq.). Ausubo. 

Sisymbrium Nasturtium-aquaticum L. Berros. 

Soja Max (L.) Piper. Habighuela Soya. 

Solanum Melongena L. Berenjena. 

Solanum nigrum L. Yerba Mora. 

Solanum tuberosum L. Papa. 

Spinaeia oleracea L. Espinaca. 

Spondias cirouella (Bl.) Tussac. Jobillo. 

Spondias dulcis Frost. Jobo de la India. 

Spondias Mombin L. Jobo. 

Spondias purpurea L. Ciruela. 

StachyB Sieboldi Miq. Aloachopa del Jap6n. 

Sienotaphrum secundatum (Walt.) Kuntze. Grama Blanca. 
Stizilobium Deeringianum Bort. Habichuela Aterciopelada. 
Syzygium jambolana (Lam.) DC. Jambolana. 

Tamarindus indica L. Tamarindo. 

Teramnus uncinatus (L.) Sw. Crssta de Gallo Blanco. 
Terminalia catappa L. Almendbo. 

Tetragonia expan® Mun. Espinaca de Nubva Zelandia. 
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Thea sinensis L. T t. 

Tbeobroma cacao L. Cacao. 

Theobroma pentagona Her. Cacao de Nicaragua. 

Tbeobroma bicolor H. & B. Cacao Wabiba. 

Thymus vulgaris L. Babobija. 

Tournefortia birsutissima L. Nigua del Mjonte. 

Tradescantia elongata G. F. W. Meyer. OoItre. 

Tradescantia genic ulata Jacq. Oof tee. 

Tragopogon porrifolius L. Salsup. 

Trifolium pratense L. TrAbol. 

Triphasia trifolia (Bourni. f.) P. Wilson, ('hinita. 

Tripsacum laxum Nash. Yerba de Guatemala. 

Triticum ffstivum L. Trigo. 

Tropeolum majuB L. Jacinto. 

Trophis racemosa (L.) Urban. Ra<m<JN. 

Typha angustifolia L. Enea. 

Vangueria madagascariensis Gm. Yoa-Yanoa. 

Vanilla planifolia Andr. Vainilla. 

Vigna marina (Brum.) Merrill. Silani. 

Vigna unguieulata (L.) Wolf. FbIjol. 

Vitis rotundifolia Miehx. ITva Moscadina. 

Vitis tilicefolin H. k B. Pana. 

Vitis vinifera L. Uva. 

Vitis hybs. Uva HIbrida. 

Xanthosoma atrovirens 0. Koch & Boueh6 var. Kochii Eng. YautIa Jamaica 
Trinidad. 

Xanthosoma brasiliense (Desf.) Engl. YautIa Belem be. 

Xanthosoma caracu C. Koch & Bouch$. YautIa Blanca, Manola, Obqueta. 
Xanthosoma hastatum Eggers. YautIa Calalu. 

Xanthosoma hellebonfolium (Jacq.) Schott YautIa Belbmbe Silvestre. 
Xanthosoma Jacquinii Schott. YautIa Palma. 

Xanthosoma sagittaefolium (L.) Schott. YautIa Dominica, Vino, Martinica. 
Xanthosoma violaeeum Schott. YautIa Guayamera. 

Xanthosoma sp. YautIa IsleSa, Ot6. 

Zamia latifoliata. Marunguey. 

Zamia media Jacq. Marunguey del Interior. 

Zamia portoricensis Urb. Marunguey de GuInica. 

Zea Mays L. MaIz. 

Zea Mays var. rugosa Bonaf. MaIz Dulce. 

Zingiber Zingiber (L.) Karst. Jengibre. 

Ziziphus mauritiana Lam. Jujuba. 

Ziziphus jujuba L. Jujuba. 
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To that most excellent gentleman, assiduous scholar, practical 
scientist and father of sugar-cane seedling production, Hon. John 
R. BoveIjL, to whom are due so many of the most promising^lieedling 
varieties today employed in the world’s cane-sugar industry, this 
little study of two of his productions which have largely contributed 
to the prosperity of “The Isle of Enchantment” is most respectfully 
and admiringly dedicated. 
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THE BH 10(12) AND SC 12(4) CANES 1 2 

SOME OBSERVATIONS ON THESE TWO PROMISING* VARIETIES IN 

THE WEST INDIES 

By Arthur IT. Kosenfeld, 

Npoeiul Technologist for (’mho, Insular Experiment {Station 

Witiiout any question of doubt, the Barbados Hybrid 10(12) and 
St. Croix 12(1) varieties - of sugar cane are today by far the two 
most popular canes on the Island of Porto Rico, where they are rap¬ 
idly replacing even the standard ('ristalina m the parts of the Island 
where it has been most strongly entrenched for generations. The 
Insular Experiment Station receives weekly so many requests for 
information about and seed of these two varieties that it has ap¬ 
peared advisable to the writer to publish, in easily available form, 
descriptions of these canes, something of their history in their place 
of orij.ni and other countries in the West Indies to which they have 
been imported and a survey of their behavior to date and future 
possibilities in \arious parts of Porto Rico 

BIl liqi2) TN THE BRITISH WKHT INDIES 

Mr. F. S. Earle, to whom Porto Rico and the sugar world is in¬ 
debted for detailed technical descriptions of so many cane varieties, 
gives in his monumental “Sugar Cane Varieties of Porto Rico” (8) s 
the following very accurate description of this variety: 

41 Erect, or at length somewhat declined, vigorous, a strong stonier, seldom 
arrows. Stalks long, medium to medium slender, greenish but soon flushing to 
a uniform dull pink, marked with lines, often blotched, considerable bloom. 
Internodes medium length, staggered, somewhat compressed, larger }>elow and 

1 Fapoi rend ut ‘ho mooting of the “Vsuoeiation of Sugur Technologist «>t Poito KiCo* f , 
held July 5. 1925, at Sun Juan, F K. 

2 Many enno brooders indicate year of production, us in case of thest two seedlings, by 
the Anal figures of the year, without century liuliciftion, nnd the sciinl number of the seed¬ 
ling produced m that oar hy a number in parenthesis. 

'Numbers in paiontheses lefor to li^t of literature consulted 


21 % 
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shouldered on side opposite bud. Nodes constricted, oblique; growth ring rather 
broad but indistinct, enlarged on the shoulder behind; root band oblique 6 1o 
JO mm., concolorous but paler, tapering downward, rudimentary roots small, pur¬ 
plish, in 3 or 4 rows; leaf scar glabrous, oppressed behind; glaucous band slightly 
constricted, about 8 mm., somewhat obscured by the bloom of tho internodo. Buds 
nearly orbicular, 10 to 11X10 to 11 mm., only slightly exceeding growth ring, 
margin narrow, uniform, often purplish, germination subapical, basal placs, and 
sparse marginal and api* al vestiture. Leaf sheaths with a sparse vestiture of 
short approssed hairs, guon or a little tinted, somewhat glaucous; throat narrow, 
lannate with a sparse marginal vestiture of long hairs; collar narrow, scarcely 
reaching the midrib, glau<ous; ligulc, about 3 mm., margin undulate, not fimbriate; 
ligulat* processes small and poorly developed or none. Leaf blades, Bubcrect, the 
tips declined, flat, about G cm., widest above the middle, light green, minutely 
serrulate, the base oven, not ciliate.” 

Tins is one of the series of artificial hybrids produced from the 
same parent as was &(' 12/1—tt 6835—m 1910 in the Island of Bar¬ 
bados, B. W. I., by Mr. Jno. K. Bovell, one of the “grand old men” 
of sugar-cane breeding and one of the three original discoverers of 
the fertility of cane seed. Two hundred and sixteen artificial hy¬ 
brids were produced by Bovell in that year and the carefulness and 
rigor with which those new canes are selected is shown by th^ fact 
that in 1916 Bovell (1) reports that only eleven were under experi¬ 
mental cultivation and by 1919 these had been reduced to two “Of 
these eleven, one, the B1I 10(12), is a ver\ promising variety, and 
one likely, judging from results so far obtained, to surpass the B- 
6450 in yield of saccharose per acre. The other ten, altho giving 
better results than the White Transparent, are exceeded in yield by 
the B- 6450.” 

In Table I an* summarized results from various tests of the 
BH JO( 12) in comparison with other varieties obtained from 1914- 
16 by Bovell and d’Albuquerque in Barbados (1). Comparisons 
have been selected with the White Transparent of Barbados, which 
corresponds to our Cristalina , which may be regarded as the stand¬ 
ard of the Island in most of the experiments with other varieties 
carried on to date. Any variety which can give more favorable 
results than the old reliable Cristalina under the desirable condi¬ 
tions required by this cane must he a splendid cam* of high agri¬ 
cultural and manufacturing yield, good germinating, stooling and 
ratooning qualities and an excellent keeper. 
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Table I 

Condensed Comparative Results in Barbados 
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.4ue 

(Hue 
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PmitV 

CilricoM* 

Katio 

| * 
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- p. 

1. Plant ( anes on ( mcily plantation Menba Held 



W. Transparent . .. . 

30 67 

2 09 

086 

1711 

88 <12 

4 13 

1 8 829 

B H IU(12). 

j 36 83 

2 .,6 

060 

180 

90.77 

2 ’>7 

| 11,539 

II Plant Cnnes on \\ aterlold plantation lennatit Hold 



W Transpatent . 

43 08 

2 01 

068 

128 

| 91 5-, 

1 

2 88 

11,117 

B U 10(12). 

5» 64 

2 23 

052 

134 

92 38 

2 30 

16 534 

111. IMant Canes on Dodds Plantation—Tppei ( Impel Meld 



W. Transparent 

It H 10(12) . .... 

26 14 

1 94 

086 

204 

87 00 

4.43 

6 852 

17 67 

2 37 

046 

1 

.151 

92 22 

> 94 

14 879 

I\ Mean Results ioi Three Seasons on Dodds Plan ation— I’ppei Chapel < at Hole Fields 

W Transparent. . 

25.08 

2 03 

074 


88 86 

3 70 

6 843 

B H 10(12). 

39 31 

2 33 

073 


91 17 

3 13 

1 

| 12,265 

\ ^Duplicate Fields on Co\erl\ and Waterford 

Plantations—Four Experiments 

i 

W Transi <rent . . 

B II 10(1.0 . 

! 

3> 87 

2 06 

07. 


91 21 

i 

3 60 

10 123 

41 68 

2 30 

056 


91 58 

2J1 i 

13 536 


Those results show us that in five distinct sets of experiments on 
as many types of soil the MI 10(12) lias uniformly led the Crista - 
hna in tons of cane and sugar produced per acre and was uniformly 
lower in number of rotten canes per acre at harvest. All chemical 
analyses showed a higher sucrose in the juice and lower glucose and, 
hence, superior purities in every case for the Ml 10(12). 

These results are tint typical of the hundreds that have been 
obtained of late years in Barbados and which have made the BH 
10(12) the standard variety of that island and of the neighboring 
island of Trinidad (39). 

In this connection the writer wishes to call the attention of the 
Porto Rican planters to the reports on comparative experiments 
made with varieties of which the figures given in Table I are an 
example for Barbados. By obtaining reports from various districts 
of tests made with new canes in comparison with some such standard 
cane as the Crist alma year after year, it becomes a comparatively 
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simple thing for the Experiment Station to 
accumulate data to strengthen and widen 
out its proper observation*? in the main 
Station ami substations. Each planter, 
therefore, making such reports, helps not 
only his own particular district witli his 
obsenations, but furnishes information of 
'value—either positive or negative—to other 
districts as well. Were our Porto Rican 
planters in various sections of the Island 
to try out the new varieties furnished them 
in some such way as is done in Baibados, 
furnishing the Insular Experiment Station 
with some such concise and 'valuable figures 
as are obtained in our little British neigh¬ 
bor, the task of passing an opinion on the 
many varieties of eane under trial here at 
the Station would be veiy much simplified 
and be made, also, of much more general 
application Tt must he remembered that 
the conditions at the Station are tlmse of 
but a verv 1 educed part of this extremely 
varied Island and that carefully controlled 
experiments tioni mam districts are worth 
fai moie than a lew trials under one single 
set of conditions 

Despite the large amount of BII 10(U) 
and SC 12(d) today cultivated in Porto 
Rico, it was an extremely difficult task to 
obtain even the meagie amount of infor¬ 
mation on comparative experiments over 
the Island which we are publishing m this 
paper, whereas, were a system followed of 
reporting results of varietal experiments 
from every district, such as is absolutely 
general amongst the planters of Java or 
Hawaii, the Experiment Station could serve 
as a clearing house for definite informa¬ 
tion of untold value to all of our planters. 
The Experiment Station will be more than 
pleased to arrange such trial plats wdth 
the most promising canes in various districts with any planters 



FIG. 1—BH 10(12) 
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desiring to do so. It is our policy to try out in such plats only 
those varieties which have already proven to be of promise here at 
the Station and, as the planter receives all the cane produced, merely 
furnishing us—and his brother planters—with the information ob¬ 
tained therein, there is no expense or loss to him through conducting 
such trials. 

The Jill 10(12), on the strength of its splendid results in Bar¬ 
bados, was early introduced into the British Colony of Demerara 
and has given very good results there, but the planters of that 
colony seem wedded to the cultivation of l)-625, which in 1924 was 
grown on 117,108 British acres, or 70.4 per cent of the cane area of 
the Colony, against 295 acres, or »ijr-tnilhs of one percent of the 
cane area, for the Bit 10(12) (10). This is rather difficult for the 
outsider to understand in view of the following figures on the crop 
of 192)1, representing the average yields in tons of commercial sugar 
per acre of the D-625 and BIJ 10(12), as deduced from the returns 
supplied by the Managers: 

Table II 

Comparative Results from General Plantings of D-625 and BH 10(12) in 
British Guiana from Returns Supplied by Managers 

0-03 1 B If 10 112. 

I 

Mean all plantations . . l 80 | J 06 

Maxim m icpniieri . ... -J 8'> 5 04 

Minin. nrepoiteri . . ... 0.28 | 1 21 

Experiments with 1111 10(12) appear to have commenced in the 
British Island of Antigua about 1918 and comparisons with their 
White Transparent (our Vnstahna) seem to have shown up uni¬ 
formly in favor of the Barbados hybrid. Table III is a summary 
of these comparative results for 1919-20 with both plants and ratoon 
canes (26). 

Table 111 


Average Results for Plant and Stubble Crops in Antigua, B. W. I. 



i 

i 


Ualions mice 
pei ftci** 

i 

I.bs Sucrose 

A«t* 

1 Variety 

1 

Tons pane 
pei acre 

in juioe 
pei aeic 

riant. 

..| Whit* Tiaugpareui. 

14.78 

1IM) 

3000 

riant ... 

1 lJ 11.10 (12) . 

.. 1 White Transparent. 

! 17 32 

16-10 

3800 

Ratoons.... 

; 10 83 

f040 

2280 

Ratoons . 

a. ii.i0(i2). 

« 11 13 

1210 

2910 


Experiments were started in the neighboring British island of 
St. Kitts at more or less the same time as in Antigua and in 1921 
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Collens wrote (26): “BH 10(12) is noted for the high sucrose 
content of its juice, the average for the present year being 2.31 
pounds per gallon. It has headed the list this year in the St. Kitts 
experiments. 9 ’ Table TV gives in similar form to Table III a sum¬ 
mary of the comparative results with plant in 1919-20 and with 
stubble in figures of means for all seasons: 

Table IV 


Average Results for Plant and Stubble Crops on St. Kitts, B. W. L 



! 


Ton*cane 

\ 

I.bs sucrose 

A tfe 1 

1 Y»iriet\ 


Gallons mice , 

In mice 



per acre 

per acre » 

pei acre 

Hunt... . 

\\ liite Turns parent 


21 0 

1 

2500 | 

0360 

Hant ... 

11 II 10 (12) 


20 <» 

2! >50 

6600 

Ratoons .. 

\\ hill* Transparent 



• , , , 

4910 

Ratoon*. 

11 11 10(12) . . 




9170 


The average ratoon showing of the BH 10(12) is particularly 
remarkable, Watts and Collens (26) remarking: 


"The first place in the list of ratoons is taken by Bll 10(12) with the high 

tonnage of 3.“>.9 tons canes and 9,G00 pounds sucrose per acre. Thi^eano 

seems likely to provo a good ratooner with a high sucrose content, and especially 
in the wet districts . 99 * 

Just off of St. Kitts lies the little island of Nevis, on which the 
same varieties were tried out as those on St. Kitts. Table V gives 
a summary of these results in terms of means for each variety grown 
in 1919-20 as plant eanes and as means for all seasons as plant 
canes, as regards the BH 10(12 1 and White Transparent. The 
weather conditions were against these experiments as a whole. 


Table V 

Average Results for Plant Cane in 1919-20 and as Mean for All Seasons 
on Island of Nevis, B. W. I. 


-eason 

j Varlei} 

1 

Tons cane 
per acre 

| Gallons juice 
per acre 

Lbs sucrose 
in juice 
per aere 

1919-20 .. .. 

‘Mean of all 

| White Transparent .. 

H li 10(12) 

\\hlte Transparent .... 

B 11 10 (12) . 

i 

19 0 
21 O 

1810 

2110 

:r»io 

1490 

4000 

6300 


There is still one of these small British islands where interesting 
results have been secured with BH 10(12) —Montserrat. Very little 
cane had been grown on this island for many years until the high 
prices during and just after the Great War brought about a revival 
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of the industry. Sugar-cane experiments were then inaugurated by 
the Imperial Department of Agriculture for the West Indies on 
similar lines to those conducted in St. Kitts, Nevis and Antigua 
already discussed above. A series of experiments, consisting of 22 
varieties, was planted in 1919 at Farrells Estate, the mill juices 
from these canes at crop being analyzed at the Government Labora¬ 
tory, Antigua. The soil on which the experiments were made is a 
medium clay one, the canes were planted on 6th January, 1919, and 
the harvest of the plant cane made on .‘list March, 1920, being almost 
fifteen months old at time of harvest. The ratoon plats, which had 
been previously reaped as plant canes on 28th March, 1919, were 
now cut as ratoons on 1st Ap”il, 1920 No manure was applied to 
any of these plats, but tin* land did carry a green dressing of <jan - 
dales during 1918. The rainfall for the period April, 1919, to 
March, 1920, was of the most favorable the Island has had for many 
years, reaching a total of fifty-seven inches, with a minimum of 
V/j inches m August and a maximum of 13] l in November. Table 
VI gives the data for these experiments (26) relating to 1111 10(12) 
compared with White Transom nt. 

Table VI 

Farrell’s Experiment Plats, Montserrat, British West Indies 

i 

A«c 1 VrtiieO 


riant .. White Tinnspaieiit 
U II in < 1J) 

Rato outs i W’liltc* Transparent 

H II 10 (12) 


Ton** 
per 
a ere 


Evlr 


J/atn on imee 


OAls 
per 
aci i 


"ueiose 

per 

gallon 


Piirln 


Lb- 

SllCI O'e 
per 

Hl'ie 


SI H I 
Hi 2 


r.o *»o 
61 25 


j;r>o 

4.!i< , 


I 80 
1 0*17 


<»2 l 
92 6 


H690 


IS 1 1 


Here, as in St. Kitts, the 1111 10( 12) ranks first of all varieties 
tried as botli plant and ratoons in tons of cane and sugar produced 
per acre and in quality of juice. Tables 1 to VI show’ us that with¬ 
out exception in the British West Indies it has been far superior 
to their erstwhile standard variety. White Transport nt (our fm- 
talina). 

SC 12(4) IN ITS SUPPOSED COUNTRY OF OR1CUN 
Earle (8) describes this variety as follows: 

lt Erect, good vigor, fair stooler. Stalks long, medium diameter, greeu with 
reddish flush, light bloom. Internodes medium to long, cylindrical or a little 
compressed, staggered, furrow slight or none. Nodes somewhat constricted, slightly 
oblique; growth ring broad but rather poorly defined, even or somewhat elevated, 
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yellowish; root band strongly oblique, 5 to 10 mm., coneolorous or paler; rudi 
mentary roots crowded, in about 4 rows; leaf scar glabrous, broad and prominent 
in front, oppressed behind; glaucous band constricted, poorly definod. Buds large, 
lanceolate, about 12X10 mm., exceeding the growth ring by one-third to one-half, 
margin broad^ uniform, germination apical, heavy basal placs, abundant marginal 
vestituro ending in a conspicuous apical tuft. Leaf sheaths with dense vestiture 
along the back, the sides glabrate, greenish or slightly tinted, somewhat glaucous, 
the base slightly stained purple within; throat lannate and with an abundant 
vestiture of hairs; collar medium width, reaching the midrib, glaucous, the mar¬ 
gins slightly lannate; ligule about 4 mm., minutely fimbriate; ligular processes 
none. 4 Leaf blades erect, usually even to the tips, flat, 7 cm. or more wide, dull 
green, minutely and sparsely serrulate, the bases e\en, not cilmte . 99 

Earle’s description of flic color of the leaf as dull green is rather 
more appropriate than Dr Longfield Smith’s (24) statement that 
“The leaves are darker than those of either Itibbon or Crystallum.” 
It is true that during the eharaeteristie dry periods of the Virgin 
Islands the SC 12(1) seems to maintain a much more vigorous 
growth than the Jlayatla or Crislalina , the leaves of the latter taking 
on the light appearance due to lack of water much more quickly 
than the S(' 12(1). Nevertheless, under normal conditions of growth, 
the SC 12(1) may bo said to show characteristically lighter itolor 
than healthy Cnslalina, the color of the leaves being somewhat 
comparable to that of J) l.t'l (Ctmzn <l( Fajardo) and decidedly 
darker than the normal color of 11-67 or 11a 602'1. 

It will doubtless he a surprise lo many planters interested in this 
remarkable cane variety to learn that it is in no sense a St. Croix 
seedling, having been, like 1111 10(12), produced in Barbados by 
Mr. 4no. It. Bovcll and from the same parent cane 11 6X75. An 
interesting parallel is the ease of flic two well-known varieties 11-71 
and l)-<)5 which ha\e done so much for the sugar industries of 
Louisiana and Mauritius These are not really Demerara varieties 
at all, having figured amongst the first seedling canes produced by 
llarrison and Lovell in Barbados when these two well-known cane 
breeders workt cooperatively in Barbados, and happening to be 
amongst a number of unnamed seedlings which Sir John llarrison 
carried with him to Demerara when he was transferred to that 
colony shortly after tho production ol these first seedlings. 

When Mr. Bovell in 1912 paid a visit to the Experiment Station 
in St. Croix, then under the administration of the Danish authorities, 
he carried with him and presented to the Director of the Station 
several seedlings recently produced by himself in Barbados, this 
particular variety being a seedling of K 6835. Amongst these seed- 

4 The writer finds an orriiKionul iiironhpieumift lijuilar protet-H in thih variety 
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iiti 


lings figured the olie that, after long trial by Dr. Longfielri Smith, 
then Director of the St. Croix Station, came to be known as St. 
Croix’s most valu¬ 
able cane—the aS v C 
I2(i). Hence it 
would seem that, 
aside from the fa¬ 
mous Hawaii 10!), 
most of the seed¬ 
lings which have 
gained great repu¬ 
tations tor them¬ 
selves and contrib¬ 
uted \er\ materi¬ 
ally to the ad¬ 
vancement of the 
sugar industries of 
countries widely 
scattered <r\er the 
face of the globe 
have really origi¬ 
nate! in that little 
spec! in the West 
Indies—Barbados. 

In 1921 Dr 
Longfield Smith, m 
his excellent article 
on “Sugar Cane in 
St Croix'’ (23) 
wrote as follows 

* * Sudhitfi SC 1J i — 

This cane has ghen nil 
average mci ease per 
acre t*\ 1*1 the Ribbon 
cam of A 4 tons of 
wine und 1,1 b7 pounds 
of hueiose extracted 
b> the hiii « 1 11 mill 
Thi tonnage iepie 
stmts an increase of approximately 12 pel cent, and the suviose an increase of 

approximately 20 per cent. Over 100 acres of it are now under cultivation 

in St. Croix. The Mount Pleasant plantation repotted an increase of 30 per cent 
in tons of cane per acre foi first ratoons. Definite results from other plantations 




FIG. 




2.—B-6835, the Parent Cane of both 
BH 10(12) and SC 12^4 
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were not obtained, but it is known that this cane has shown its aupcrioiity every- 
where, and that the exceptional richness and purity of the juice are important 
points in its favor. 

“When subjected to seveie drought, the mature cane of this variety lisa 
been observed to dry up more lapidly than tho Ribbon cane. For this reason it 
should be cut earlier in the season than Ribbon cane, when there is dry weather. 
This year some of the plantations delayed cutting cane SC. tiff) in order that 
the top pieces might bo used for planting at the time of tho spring mins. The3e 
rains did not occur, and consequently the canes became menipe . ” 

Table VII gives the data from plat tests at the St (Yoix Ex¬ 
periment Station in eomparison with their Itibhon four Ruyada) 
cane 

Table VII 

Comparison of Yields Obtained from SC 12(4) and Ribbon Canes, St. Croix 
Agricultural Experiment Station 



1 San hi < ui/ (12) I 

| Ribbon 

PlHUt Nu 


Lbs sucrose 

Tons emit 

Lbs. sueiose 

1 oils i tine 


1 |km ui ic 

pel u( re 1 

per fti it* 

pel acre 


1 0 

HH7 

27 4 

5797 

> 

,s 1 

S7‘/() 

1 2 » 

*>521 

i 

2M l 

<> 2. 

11 2 

*1 *>.«>0 

4 

'0 7 

n >it 

IK 5 

iVJi 

') 

2"» 0 

>107 

! >2 0 

«669 

Awriitfe 

U 5 

♦» »*> 

1 

i -K 1 

1 

>772 


IN SANTO DOMINGO AND CURA 

In Aery recent years both HH 10(12) and SC 12(1) have been 
introduced into Sanlo Domingo and Cuba, as well as Jamaica, and 
Monendez (14) states that ‘‘their beha\ior in those countries is cor¬ 
roborating our experience in Porto llieo " lie goes on to say 

“Whether then peculiar chaiacteriMics will make them adaptable to those 
countries remains as yet to be seen; but fiom peisonal expeiience of the writer 
it seems that their trial on a large scale is worth being taken into console! at ion 
bj the cane growers of the sister islands. It is the peisonal opinion ot the writer 
that because of its stronger stooling and ratooning powci and general hardiness 
as a growing plant, tlie Baibados Hybrid has a chance at supplanting Cristalinn 
foi man> sections of Cuba, Ranto Domingo and Jamaica ." 

Char don (5), on a visit to Tngonio San Luis m Santo Domingo, 
found that KH 10(12) and SC 12(1) have the same preponderance 
there as in Porto Rico and Cuba, stating that at the time of his 
visit—August, 1924—the development of these eanes was truly ad¬ 
mirable, and gave promise of magnificent results in the yega lands. 

Rivera (16), in one of the very few available articles on sugar 
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<»ane varietal studies in Cuba, gives an account of his Msit to a large 
•experimental planting of J2 selected varieties, secured trorn the In¬ 
sular Experiment Station and se\eial (Uuftalt s ot Porto Rico, m 
the “Finca El Palomar” of Aponte & (\> m the Pro\ince of Havana. 
The soil of this plantation is ot tin* loose red dav characteristic of 
the level lands of this district At the time of Ins visit the plant¬ 
ings were seven months old and v\ell developed He found BH 
10(U) and Sf 1 IJ(1) far ahead of all other varieties, it being dif- 
ticult to decide which ot these two was superior “The vegetation 
of both is superb, the Santa (Yu/ has the most elegant appearance 



I TO 3.—Sta. Cruz 12(4) in Cuba, 8 months old 
Photo by Mr P Richarason Kuntz 


on account ot its lobustness, but the Barbados Ilvbrid has bv far 
the laigei nmnbei ot stalks pel low These two varieties appear 
particular^ pronusinu and there is no doubt whatsoever that tliev 
will be cxtensivelv piopagated in Chiba 

In a lettei recent I v received from Mr Jas h Rogers Jr, secre 
tarv ol the Chiba Suirai Chub, he amplv confirms Mr 41 iv era’s ol - 
sei vat ions on these varieties at ‘El iVdomar,” calling attention, 
howevei, to the necessity ol turther observations under distinct con¬ 
ditions to those ot this planting As emphasizing just such a neces 
s| t.\ it might be mentioned that Mr V S Earle, of the Tropical 
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Plant Research Foundation, wrote the author on 28th January last, 
ns follows: 

“In Chnparra, on their black-coco subsoil lauds, 11II 10(12) is not quite 
nt home. ’ ’ 

The Guantanamo Sugar ('onipam is to be eredited with having 
introduced SC 12(i) from Porto Rico into Tuba since December, 
1922, and lias multiplied and distributed it so rapidly that there are 
at present many acres of it in “The Pearl of the Antilles .*' This 
seed came from Mercedita de Ponce and is probably from the origi¬ 
nal introduction of this variety made direct from St Groix by the 



FIG. 5.—SC 12/4 8 months after planting in Central Palma, Cuba 


engineer of that central, Mr Edward K Junghans The following 
results were 1 obtained from the harvesting of one of their experi¬ 
mental fields on 2nd February of this year, tin* field representing a 
trial of S( 1 1X(1) in comparison with the standard cane of Tuba, 
( i nstahna (2) The cane was eighteen months old when harvested. 


T UlliK VIIJ 

Comparative Yields from SC 12(4) and BH 10(12) in Guantanamo, Cuba 


Variety 



Ton-* c«m* 
per rpp* 

Hrlx 


. 


r»o 1 

37 i 

i7.no 
17 48 



S C 12 (\) 
■Crlstallna 


82.45 
82 18 
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Shortly after this earn* was harvested, C’alvino, after a visit to 
these plantations, writes (2): 

“But the best fields of the S(J 12(4) at the tune of this wilting lime iu t 
yet been cut, anti b t > theii general appeal ancc xxe tan foietell that this will yield 
ipoie and gixe ennes 1 idler in sugai. ’ J 

Ill regard to the resistance of this variety to wind, (^alvino goes 
on to say . 

“Knilx in Maidi, 192">, while I was in (tuautaiumo, theie was a lieaxy 
lainfall, the lain gauge legistering oxer two indies. These showeis came in 
<omp:ny with a ‘-tiong xxind xxhidi laid flat the Put pie Stni»ed and the Crists- 
lnm canes, while the Sf 1 12(4) . . . remained standing, as Mi. Daxul Uerrero 

informed us ’ 1 



FIG. 4.—SC 12/4. This cane is 9 months old and yielded about 40 
tons per acre at Central Palma, Cuba 

Dr. Calvino, in the same article quoted above, gives a rather re¬ 
markable explanation of why the Si 1 12{i) is at present an erect 
canc, whereas Dr. Longfield Smith described it originally as inclined, 
as follows: 

“When Dr. Smith distributed these seedlings by pieces, he selected the su 
porior pints of them, that is, the soundest, most xigoious and best fines of each 
one of them. Thus tin SC 1J(4) teas tmprarfd and has kept it$ superiority fver 
since 8 ” % 

It is hardly likely that, when Dr. Smith was propagating this 
seed, alt ho, like every plant breeder, he would select his best plants 

■The it ulics me the wntei’s 
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for seed, lie 'would lia\e been abty to distribute seed onl> from the* 
erect canes of a variety which lie describes as “inclined / 1 nor is 
there any indication in Dr Smith’s reports that such an attempt 
was made, hence we can hardly attribute much importance to tho 
conclusions here drawn In Dr rah mo m regard to \egetatne selec¬ 
tion inducing erect canes, e\en tho the selection be not made with 
that character in view 



FIG 6—Typical stools of BH 10(12) 


THE UH 10(12) AM) S( 12(4) IN mirm It I CO 

Earle (h) states that the />// 10(J2) was originalh imported 
into Porto Rico b\ Ouamca (Vntrale m tlie fall of 1919, part of 
this seed being sent to the Insular Station, while SC t2(1) was 
imported by the Federal Experiment Station at Ma>aguez, some of 
this seed being planted at the Station in the spnng of 1919 In 
1921 he stated 


“This famous Baih.idos hi hi id is making i \ei\ fnwirahk allowing It 
seems to he adapted to i wide lango of conditions hut is doing espe< nlU wdl 
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FIG. 7.—A fine field of gran cultura of SC 12 '4 at 
Central Aguirre, August 1925 
Phuto by Harold Box 


<ki the red shale hills. It is u good geimmator and ripens sufficiently earlv lo 
be used either for fall or spring planting. So fm it is ratooning very strong. 
It has e\ery prom¬ 
ise of being an un 
usually good gen¬ 
eral - purpose cane. 

J t h resistance to 
root disease is evi 
dently good. . . 

Of NO 12(4) 

Earle (S ) wrote 
at the same tune: 

4 4 Seems \ cry 
promising. It is said 
to resist drouth un¬ 
usually well ami it 
matures early, mak 
ing it a\ aitable for 
spring planting.. . 

At Mayague/ it is 
resisting Mosaic decided!* bettoi than most kinds Its sucrose quality seems 
■very good ’* 

In his animal report for 1922-2:1, Director Mem'ndez of the In¬ 
sular Experiment 
Station (12) 
states that “ HII 

10(12) and Saint 
Croix 12(4) eon- 

_ linue at the head 

of the list of the 
most promising 
\aneties, both 
e a n e s g i \ i n g 
Ik* avy tonnage 
and high sugar 
yields harvested 
as ‘primavera’. 

Doth canes 
li a v e resis ted 
drought well.” 
Matz (11) in 1922 at the Insular Station demonstrated high resist¬ 
ance for gumming disease (Bacterium cascularum) for the 11H 
10(12) and by the same time both varieties had proven to be highly 


V % 


FIG. 8.—SC 12 4 and Cristalma in the same field and 
planted at same time at Esperanza Estate, Aguirre. 
SC 12 4 to left of man, Cristalina to right. Aug¬ 
ust, 1925 * 
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resistant to Mosaic Disease*. Mcnendoz concluded that “all factors 


taken into consideration, the Barbados hybrid should be considered 
as the most valuable cane for most types of soil of the Island,” and 

the following: 
year reported 
(14) that “BH 
10(12) continues 
to to]) the list of 
our most promis¬ 
ing: varieties. As 
the cane gives 
considerable ton¬ 
nage in plant 
cane and is a 
good stool er and 
ratooner, in addi- 

FIG. 9.—A field of BH 10(12) gran cultura on Florida ^ 01i to 

estate of Central Aguirre. August, 1925. sucrose content 

Photo by Harold Box ^ 



moto oy naroia isox an d earlv matu _ 

rity, it is safe to predict that B1I 10(12) will long be a favorite 
with the farmers.” lie reported Santa Cmz 12(f) as a close sec¬ 
ond to the popular Barbados seedling and that “it is being prefer¬ 


red to that in 
some districts of 
the Caguas val¬ 
ley, where it cer¬ 
tainly grows won- 
derfully well.” 
As showing the 
popularity today 
of the BH 10(12) 
all over the Is¬ 
land, it might be 
of interest to 
mention that for 
the season of 



1924-25 over 20 FIG. 10.—Another gran cultura field of BH 10(12) at 
per cent of the Aguirr6 ‘ Augu8t ’ 1926 

seed distributed from the Insular Experiment Station in response 
to solicitudes from planters was of that variety. 

At the end of 1921 Prof. F. S. Earle planted out a large variety 
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plat at Central Aguirre, in which BH 10(12) showed up far superior 
on every count to every one of the great number of varieties tried. 
Analyses of each variety were made in January, February, March 
and April, 1923, the BII 10( 12) showing up in each case first of the 
lot in Brix, Sucrose and Purity. Below are given the comparative 
analyses of the BH 10( 12) and Cristalina, made the third weeks of 
February and March, 1923, when the cane was 14% and 15% months 
old respectively. 




li II 10(12) 


Cristalina 


Month 

Brix 

Sucrose 

Purl tv 

Brix 

Sucrose 

Purity 

Fchruan . 

23 50 

21.03 

02 00 

21 75 

19 06 

87 60 

March 

21.00 

22.04 

91.80 

21 30 

19.28 

90.40 


Of the BH 10(12) showing in these experiments, Mr. Earle said: 


“A remarkable record. Is best variety we have from all points of view. 
Splendid germinator, quick grower, very heavy tonnage, matures early and keeps 
remarkably in the field after full maturity. lias averaged 2 to .*1 points better 
sucrose and purity than Cristalina and wiP gi\e decidedly more tounage on a 
great variety of soils. Stands diought well . 1 * 

"While, naturally, giving far better industrial yields if cut fairly 
late in the season, both B1I 10(12) and Sf 1 r>(l) give really re¬ 
man *ible sugar contents as early as January and February, gen¬ 
erally showing up as superior to Crisfalnw , one of the best canes 
for early cutting In January, 1924, the writer remarked in Cen¬ 
tral Aguirre and other south coast centrals that both BH 10(12) 
and SC 12( I) were showing purities in the factory of above 90— 
several points ahead of the Cnslahna being generally ground at 
that time. 

All*. (\ L. Carpenter, \ lec-president and general manager of Cen¬ 
tral Aguirre has kindly furnished us with the following comparative 
yields and analyses of two fields of (Iran Culiura , one of SC 12(4) 
and the other of Cnslahna , the two fields being side by side. These 
fields were located in llaeienda Esperanza and were planted and 
cut at the same time, lienee the figures for the two varieties are rig¬ 
orously comparative. 


SANTA CRUZ 12(4) AND CRISTALINA CANES 

Gran Cultura—17 Months 


Variety 


Acres 

Tons cane 
per acre 

Brlx 

Sucrose i 

I 

Purity 

Tons sugar 
per acre 

8 C. 12 (1) ... 


b 15 

77.56 

18,42 

16 30 1 

88 5 

' 9 4<» 

Cristalina 

* ! 

7.57 

59 80 

19 92 | 

17.83 1 

89 5 

| 7.95 
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As CrUtalina is at its best on the south coast, this may be con¬ 
sidered as a very fair comparison. Mr. Carpenter had the follow¬ 
ing to say in regard to this experiment: 

“We think that the SC 12-4 should not lm\e been harvested bo early. Tt 
was very green when cut and was still growing, and we feel \ery sure that if 
w f e had let this eano grow a few weeks longer it would lm\e gi\en considerably 
belter results.” 

Another central on the south coast has been trying out these 
vanes since 1919, having made direct importations of them from 
Barbados and St. Croix, and much valuable comparative data is 
available at this point. In 1920 a field of primartra of just three 
acres in extent of Bll 10(12) yielded the surprising result of 42.70 
tons of cane and (i.18 tons of sugar per acre and in 1921 another 
primarera field of the same variety, covering 48 acres, yielded 47.76 
tons of cane and 6.80 tons of sugar per acre A number of com¬ 
parative tests at this central for primarera and (pan euUura for 
the past five crops are summarized in the following table. Vfhis 
data is very complete and has been extremely carefully kept, lienee 
the table should gi\e a pretty fair idea of the comparative value 
of the various varieties under south coast conditions. 


Table 1\ 

Comparative Yields on the South Coast for the Crops 1921 25 Inclusive 




I oii> per ni i‘ 


\ HI It l\ 

A« ICS 

\*t 

< »i \ allows 



< am '*0 i 




1 ( top ol 1‘L'I 



It 11 1< 

' * iK 

7 

< ilslnl 

»» .0 

ii 


47 21 

I* 7 

Cnslali 

18 NM 

h I 

(‘ 12 

f>2 li 

8 ( 

< rivlalina 

i7 S8 

<i (i 




11 ( rop ol 19 M 



S C 12 (1) 

17 00 

l*niii 

i7 r )J 

r > 18 


H H 10 (12) 

70 00 

Ctlm 

"H 1<I 

1 1 . 


It H 10(12) 

1 00 

O ( 

1) h'i 

b M 


H-208 

1 7 > 

<« r 

•S7 10 

b Of, 


B H 10(12) , 

4 2 r » 

t , ( 

82. S'. 

1^.9 » 

Planted alter 

I) 100 1 

i 

« 70 

(, r 

71 80 | 

H 7 

cow peas 
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Til (’top o t 192M 


~ J - 


— — -^— — 

- — 

— — .— 

S C 12(1) . 

82 00 

Plllll 

20 33 1 

•Ufi 

B 11 10 (12) .... 

283 00 

1*1 fill 

21 (Hi 

3 03 

S fi 12(1) . 

101 00 

(i c 

15 1| 

3 57 

B H 10(12). 

use, on 

fi V 

15 16 1 

6 82 1 

8.0 12 (4) 

0 00 

(i <: 

60 01 

7 12 ! 

B II 1(M12) 

12 00 

<; c: 

61 70 

7 65 1 

S.O 12(1) . ... 

3 50 

u <■ 

50 48 | 

6 36 

B. H 10 (12) 

31 00 

a c 

50 25 

6 06 I 

8 0 12(4) .. 

11 00 

a c 

36 1 1 

6 82 1 

B H 10 (12). . 

11 50 

a c 

52 17 1 

6 50 

S C 12(1) 

10 00 

(1 r 

70 57 

8 88 

B. II 10 (12) . .. 

1 H 50 

a u i 

80 76 , 

10 16 1 


named after 
cow peHs 


IV Crop of 1921 


C 12(1) 

58 (10 

Prim 

31 31 

4 25 i 

u io(i2) 

176 00 

Prim 

29 73 

4 08 

0 12(1) . 

116 00 

(« o 

34 97 

3 98 i 

II 10 (12). 

399 DO 


37 90 

4 78 | 

C 12 (1) 

2 75 

U (\ 

80 21 

8 62 t 

H. 10(12) 

7 00 

(i l 

69 54 

8 45 


V Crop of 1925 


S C 12 (1) 

1 

23,00 

t; r 1 

70 It 

9 02 , 

K II 10(12) 

21 50 | 

(i C 

92 19 

11 58 

S<\ 12(1) 

11 25 1 

Ratoon 

38 32 

5 03 

B II 10(12) 

17 73 

Ratoon 

30 28 

4 25 


Considering the large areas of the distinct varieties cultivated 
and tli* rigidity of the comparisons, Table TX probably represents 
the most complete data ever obtained on the comparative values of 
two canes. The 1921 figures demonstrate ven clearly the superi¬ 
ority of the B11 10(12) and SC 12(1) over the Cristalina and ex¬ 
plains the increasing areas of the BI1 10(12) and SC 12(4) in the 
later years. Even the priniarrra of the BH 10(12) produced more 
sugar per acre than the (/ran culture of Cristalina —and the yields 
for Vristalina arc very good indeed and representative of about the 
optimum to be expected under ideal soutli-eoast conditions—and the 
test of (/ran culture of the SC 12(1) and Cristalina canes on large 
areas slums that the former produced an average of fifteen tons cane 
and 2\\ tons wore sut/ar pu acre than the Cristalina . 

The comparison of BII 10(12) and B-208 is particularly inter¬ 
esting, as B-208 is a cane of early maturity and very high sugar 
content—a fit competitor for B11 10(12). Yet, altlio. the B-208 
gave over eleven tons more cane per acre in this test, the BH 10(12) 
produced more sugar. The bad ratooning qualities of the B-208, 
■other conditions being anything like equal, and its inferior drought 
resistance to that of the BH 10(12) would of themselves have con- 
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tributed very largely to the replacement of this variety by the Bar¬ 
bados Hybrid which has taken place in the past three or four years, 
very large areas of the B-208 having at one time been cultivated on 
the south coast. 

In the comparison of B1I 10(12) with D-109, we note that the 
latter has given an enormous yield after cowpeas had been turned 
under the land on which this experiment was made, yet the BH 
10(12) has produced over eight tons more cane and 2 Vi tons of 
sugar more than the D-109. Again there is no doubt of the supe¬ 
riority of the BII 10(12), altho, were the figures for D-109 pub¬ 
lished without comparison with those for the BH 10(12), we might 
arrive at a very different conclusion. One more argument of the 
necessity always of comparative data. 

As to the comparison between the BH 10(12) and Sf 1 12(d) 
there is very little to chose between them, altho the results obtained 
represent crops covering five years from an area of around 2,000 
acres and a product of almost 70,000 tons of cane and 0,000 sugar. 
As primavcra and as ratoons there is a slight difference in llfevor of 
the SC 12(1), but this difference is always very small, whereas in 
(Iran mltura the three enormous yields of over 10 tons of sugar 
per acre are each time given by the BH 10(12). In 1923 there 
were three slight gains for the S1C 12( i) and an equal number of 
gains for the BH 10(12), in 1924 SC 12( 1) was ahead of BH 10(12) 
by less than a fifth of a ton of sugar twice, whereas in tin* third ex¬ 
periment BH 10(12) gave four-fifths of a Ion more sugar than the 
Santa Cruz, while the 1925 tests showed honors about even, except 
for the striking yield for the Bll 10(12) in one test of 92VL» tons of 
cane and 11*4 tons of sugar per acre-figures which, for the length 
of the growing season, will rival some of the famous yields obtained 
at Bwa, Hawaii, from their H-109. 

On the extreme western end of the south coast we have been 
fortunate enough to obtain, thru the kidness of Mr. R. L. Page, 
Thief of Cultivation for Russell & Co., at Santa Rita, an interest¬ 
ing comparison of the two canes we have been studying with 7J- 
117, widely known on the south coast as “Cana Guanica,” due to 
the large acreage of this heavy cane formerly cultivated by that 
company. In this experiment there were two plats of each variety, 
running about 1% acres each in size, and the harvest of all of them 
was made on 3rd January, 1925. 
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Variety 

Plat 

Tons 1 
cane 1 

Per acre 

06 Mitfar 

1 

Sucmse 

runty 



per acre ■ 




1 

r>7 r>3 

1 89 

9 82 

72.88 

2) . 

o 

66 U 1 

6 16 

11 t»r> 

78.71 

). 


76 51 | 

6 71 | 

11 ">2 

76.82 


While I)-117 gave about the same tonnage of eane per acre as 
the BH 10(12), the far better sugar content of the latter resulted 
in its yielding I 1 /* ton of sugar more per acre, while SC 12(4), 
altho giving an agricultural yield per acre ten tons in excess of 
that of BH J0( 12), shows a gain in sugar per acre of just a little 
over one-half ton. So here again we do not find a great deal to 
choose between these varieties. 

While this cane was gran cultura, it was evidently cut far too 
early in the season for it to have attained anything like maturity. 
In regard to this point Mr. Page writes us on 10th March, 1025: 

“You will see by this purity that it was a mistake to lm\e harvested this 
eane at + his time. We are now obtaining from these varieties, and even younger 
eane time this, as high as 19 i>er eent sucrose with 88 per cent purity, wlneli 
would lia\t given o() pu cent moic sugar per aeie than that shown on above plots/* 

Along the west coast, due to the ravages of Mosaic Disease a few' 
years ago and the more or less general adaptation of the Kavangm 
(Cba) and Java POJ canes, very little data is as yet obtainable on 
these two varieties, altho both are now’ beginning to be planted in 
rather extensive areas on that coast. Agricultural Agent William 
Montalvo wrote us from Pa bo Kojo on 13th October last that the 
SC 12( i) under equal conditions of soil and treatment seems to ger¬ 
minate better and give better yields than either C rial alma or Yellow 
Cahdoma. 

The Arecibo district, on the north coast, was also badly scourged 
by Mosaic Disease and at Central Dos Canos, under the progressive 
administration of Mr. Antonio Fraticelli, large areas of Kavangire 
and POJ canes have been cultivated a*id given very good results. 
Some BH 10(12) has been cultivated at this central in recent years 
and Mr. Fraticelli has kindly furnished us w’ith the following com¬ 
parisons between this cane and Kayada during the past two crops. 
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PLATE IV._BH 10(12) at “Los Cafios”. Gran cultura at 10 months. There are 46 acres in this field 
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Table XIII 


Arecibo River Experiment 

Variety 

D-109- 

D-117_ 

B-208_ 

SC 12(4)_ 

BH 10(12)_ 


Tons per acre 
... 48.33 
... 43. 75 
... 43.33 
... 50.95 
... 50.00 


Here again the SC 12(1) and BIT 10(12) head the list of va¬ 
rieties, with almost identical yields per acre, thus again making our 
choice between the two varieties difficult. 

Some ten miles east of Cambalache and under very similar north- 
coast conditions lies Barceloncta, near which is Central Plazuela, 
the capable agricultural superintendent of which is Mr. E. I). Co¬ 
lon, formerly Director of the Insular Experiment Station. Mr. Co¬ 
lon has kindly furnished us the following data on BIT 10(12) at 
Plazuela : 


“On account of a lack of available land at the proper planting time we 
have not propagated the Bll 30(12) variety to the extent that would fcfvo been 
justified by the good qualities it lias shown here both in field and factory. In 
January, 1924, we cut and ground a plat of around one acre in extent of this 
variety. It yielded at the rate of S00 qmntalca per acre on poyal land wi*h 
only a few months of rest between plan tings. I give you holow fhe average 
analysis of this cane compared writb other varieties close by and grown under 
the same conditions, cut and ground at the same time The figures given are 
for normal juice in the Phtzucla factory. 


Variety 

Bil\ 

Siinov 

BH 10 (12) . 

17 H3 

l r » 27 

Kaviida ... 

H» SO 

14 4H 

D-438 (C'eni/a) 

16 r.o 

12 27 


From the Vega Baja district, some eight to leu miles east of 
Plazuela, we have very little data oil these canes, except the ocular 
observation of the writer that both are doing extremely well in this 
zone and the statement in a letter from Agricultural Sub-Inspector 
Elias Hernandez to the effect that there is “great enthusiasm’' for 
these varieties over his entire district. 

Central Victoria, located near fhe town of Carolina, some seven 
to eight miles from Rio Piedras, lias been cultivating these two canes 
to some extent since 1921 and in this past crop Bll 10(12) broke all 
records in that Central for high yields in the factory. Mr. Jose F. 
Cordero, the capable Inspector of Colonies at Victoria, has been 
trying out and observing these canes for the past four years, not 
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only in the Victoria fields, but over the entire district. He states 
in a letter to the writer under date of 29th May, 1925: 

“I have tried out both of these canes under distinct cultural conditions and 
on various elasses of soil, planting in holes and en chorro on both vega and semi- 
high lands, always in comparison with the D-109 and D-433 varieties and, both 
as regards general development and tonnage, 1 can assure you that they are 
superior to any other variety tried.” 

Mr. Cordero considers the BH 10(12) a slightly better germi- 
nater than the Santa Cruz , in which observation the author agrees 
entirely. It has also been the writer’s observation on both the 
north and south coasts that the Barbados Hybrid seems to resist 
protracted drought longer than the SC 12(4 ), altlio the latter is 
drought resistant, once it has gotten a good start, in very high degree. 

Mr. It. Myohl, the very capable manager at Central Victoria, 
has been kind enough to furnish us with the following comparative 
data of SC 12(4) and Fayuda obtained from grindings at that Cen¬ 
tral during the past crop: 


Table XIV 

Comparative Factory Yields of SC 12(4) and Bayada at Central Victoria 


Varieu 

* 

l Kind ot cane 

j 

i 

(Months) 

(’lass oi 
soil 

Month cut 

Ftttdoi v 

vleld 

S. 0 12 ' 

[ Prima\ 

11 

High and dr\ 

Knd Keb . 

11 07 

Hayada 

Prima\ 

in 

Hitfli and di\ 

Eat 1\ Apr 

13.K) 


Prituax 

12 

High and dr\, 

Knd I'Vb . 

H.*d 

Kayada 

I’rimm. 

l 1 

HU r li and dr\ 

fc, nd i'eb 

13.16 

K< 12(4) 

Or t'ill 

i i d 

I.i'W and wei 

umarv 

J1 21 

Kavada 

Or Cul 

15 16 

Low and wet 

.lanuar} . 

10.01 

8 r.!2(j) ■ I 

Or C'n 1 

15 lfi 

Lou and wet 

Jamitrv . 

10 M2 

Rayada j 

Or < ill 

15-16 | 

Low Biid w et 

Jammy 

10.06 

It will be 

seen from this table that the S(' 

12(1) has 

in all cases 


given si ghtly better factory yields than the very high sucrose con¬ 
tent Rayada , all yields being a bit low for these canes, as the cane 
was cropped quite early in the season In the first primavera com¬ 
parison the SC 12(4) has the advantage of one more month’s growth 
than the Bayada , but this should be somewhat compensated by the 
later cutting of the Rayada. However, in the second primavvm 
comparison, it will be noted that 12-month-old Sanla Cruz has given 
a slightly better recovery factor than 13-month-old Rayada cut and 
ground at the same time. 

In regard to the BH 10(12), Mr. •Myohl advised that they had 
no comparative figures as yet, but concluded: 

“Wo, however, did grind some Pnmavera canes of this variety belonging to 
one of our colonos in the Trujillo Alto district. Those canes we ground in May 
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when about 11 months old and their average yield in the factory was about 14.48 
per cent, some analyses running as high as 15.46 and 15.80 per cent.” 

These are, indeed, very promising factory yields for 11-month- 
old cane. The writer saw these fields of BH 10(12) and they cer¬ 
tainly showed very good tonnage for the soils of the Trujillo Alto 
district. 

From Victoria to Central Fajardo, on the northeast extremity 
of the Island, conditions are fairly similar, hence we may next turn 
our attention to tjae experience in this most progressive central 
with these two varieties. As is well known, Central Fajardo main¬ 
tains its own experiment station, under the competent direction of 
Mr. R. A. Veve, and it is due largely to the practical investigations 
carried on by this station that the D-433 practically replaced all 
other varieties in that section and is now in turn beginning to be 
replaced by varieties developed at the Fajardo Station—amongst the 
most promising of these being F. C. 306. 214 and 140 in the order 
named. Mr. Veve wrote us in August, 1924, that their data on the 
BII 10(12) and SC J2(i) were quite limited, as they lityj started 
work with them only the previous year, but added that “We are 
propagating very heavily the RH 10(12), which seems to be the 
one best adapted to our conditions ” From the 1923-24 Annual 
Report of this Station we obtain the following information: 



i 


1 Jons per acre 




Variet} 

Age 

Aries 



Hrix 


Factors 


_ 


I Cane 

^ngar 



\ iel*f 

sc 12 (i) 

Gran < nit 

3 57 

17 63 

1.10 

18 1 

81 4 

1(1 4 

BH 10(12) 

Prima\era 

i 

1 Q3 

16 7*< 

*.78 

16 8 

83 9 ' 

10 3 


while from the monthly report for May. 1923, we compile the fol¬ 
lowing interesting comparisons. 


BHlUflJ) . 

i 

Prlmav era 

1 75 

11 33 


19 h 

Kb 2 

D-433 

Prlraavcra 1 

6 22 

46 69 

1 86 > 

18 1 1 

K| 0 

BH 10 (12). 

1st Katoon 

89 

28 19 

1 23 

21 8 

(|| 7 

K S Caled 

i 

1st Ratoon 

i 

1 06 

VJ 08 

4 10 

18*6 

84 »» 


The fact that gran culiura of the SC 12(i) gave very little more 
cane and sugar per acre than the primavera of the BH 10(12) 
would seem to bear out Mr. Veve’s opinion that the Barbados Hy¬ 
brid seems the better adapted of the two to their conditions, but 
more extensive trials of the two canes will be necessary before this 
point can be settled As regards the comparison with the D-433, the 
results are all in favor of the BH 10(12). while as ratoons the Bar- 
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bados cane seems far superior in general to the Red Striped Cale¬ 
donia developed by Fajardo. This cane is a sport of Yellow Cale¬ 
donia, known in Hawaii as “Big Ribbon.” 

Central Ejcmplo, located near Humacao, about the center of the 
east coast, has, thru the courtesy of Agricultural Sub-Inspector E. 
Molinary Sales, furnished us with the analysis of one lot of SC 
12(4) cut during the first part of January of this year. This field 
gave 57 tons of cane per acre, and the juice showed 17.8 Brix, 
15.46 Sucrose and 86.85 Purity—very striking figures indeed for 
that early cutting. 

Central Merccdita de Yabucoa, located on the southeastern ex¬ 
treme of the Island, of whose agronomical laboratory Mr. F. Col6n 
Moret, formerly of the Insular Experiment Station, is chief, has 
oidy this past year started extensive plantings of these two canes, 
altho one seven-tenths acre nursery of /iff 10(12) at the age of ten 
months yielded the very satisfactory figure of 47.37 tons of seed 
cane per acre. An interesting feature in regard to RH 10(12) at 
this central is that this company recently imported from Barbados 
a number of barrels of seed of the strain of this cane which Mr. 
Jno. R. Bovell, Director of Agriculture in Barbados, thought might 
be im Mine to Mosaic Disease This cane has been planted at Mer- 
eedita de Yabucoa, Pasto Viejo, near Humacao, and at Coloso, on 
the west coast, and we understand that in no rt ase has it proven im¬ 
mune to Malizado. 

We have now covered the entire coastal plain of Porto Rico, 
there remaining one very important and valuable cane district— 
that represented in the hill section extending from Humacao, on the 
east coast, to Caguas, some fifteen miles south of Rio Piedras, most of 
this district being located at an elevation above sea level of from 150 
to 350 feet Both SC 12(i) and BH 10(12) have been considerably 
cultivated in this district in recent years. Central Juncos having 
made a direct importation of the former from St. Croix. Mr. Juan 
Pujadas, Chief of Cultivation at Juncos has been kind enough to 
furnish us with the following comparative tonnages of cane per 
acre from an experiment with SC 12(1), D-117 and Raya da planted 
as Oran Cultvra in a field of apparently very even composition 
thruout, the canes having been recently harvested at the age of 
eighteen months: 


57.50 tons; SC 12(4), 57.30 tons; Rayada, 53.30 tona. 
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Mr. Pujadas also advises that they have records of tonnages 
from SC 12(4) at Central J uncos of 45.48, 49.54, 56.45 and 64.12 
tons per acre. He considers it rather a slow germinater, but a fast 
grower once its root system is established, altho not a quick closer 
on account of its very erect type of growth. 

As BH 10(12) lias been mostly cut for seed at Central Juncos, 
no comparative tonnage data are available here, but it is the author^ 
observation that over this entire district SC 12(i) seems to give a 
more luxuriant growth and rather higher tonnage than BH 10(12). 

We may terminate our reconnaissance of the Island by citing 
two sets of extremely interesting and pertinent figures taken from 
circulars issued by Central Santa Juana, near Caguas, under date 
of Uth and 19th May, 1925. Table XV gives the analyses made 
at that central of four carloads of BH 10(12) from a field which 
yielded 35 tons of cam 1 per acre, the crop and analyses being made 
on the 6th, 7tli and 8th May last: 


Table XV 

BH 10(12) at Central Santa Juana 


Oar No 

Hi lx 

Sucio»e 

1 'Uilty i 

Kactoiy yield 

1 . 

23 i 

22 tfi 

91 7 

IS 70 

‘2 . 

22 0 

20 97 

95 3 

15 90 


2* 9 

21 IG 

9H 7 

16 16 

4 . 

2 ‘ I? 

21 3*2 

91 3 J 

15 13 


On the basis of liquidation to the colnno at 65 per cent of the 
sugar recovery, this cane paid the grower at the remarkable average 
rate of 10.55 per cent, or a higher figure than that of the total 
yii'ld of the majority of our centrals, his proceeds, calculating the 
value of sugar at but 4 cents per pound, amounting to almost $300 
per acre. 

Our last table gives in detail the results from the grinding in 
Central Santa Juana the latter part of this crop of 17 carloads of 
SC 12(4) cane from a field of a little over 6 acres belonging to Mr. 
Jose Ramirez, of Caguas. This cane was primavera planted in 
April-May of last year, so that it was just one year old when har¬ 
vested. It yielded at the rate of 44 tons of cane per acre. 
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Table XVI 

SC 12(4) at Central Santa Juana 


Da to 

Net Height 
of car 1bs 

Ciushe 

r juice | 

Factory j ield 

Sugar to 
Colono lb*. 



Sucrose 

Purity 1 

Total 

colono 

IV-29. 

30,000 

18 01 

91 8 1 

13 34 

8 G7 i 

2601 

1 V 28 

22.400 

18 1H 

91 8 i 

13 44 

8 74 

1958 

IV 30 .. 

1.7,910 

10 08 

91.7 

14 72 

9.57 | 

2674 

IV-30 . 

34,520 

19 04 

98 O , 

U 08 

9 54 | 

3293 

V 1. 

28,610 

20 19 

fli) 11 

15 20 

9 88 1 

2880 

V-l . 

29 020 

19 49 

92.8 

U 59 

0 48 

2751 

V !i. 

81 100 

18 11 

91.1 

13 40 

8 71 

2709 

V *2 . 

27 .1*0 

19 9,j 

95.2 

15.04 

9 78 1 

2061 

V 1. 

■40.120 

19 97 

04 1 

1.5 0.» 

‘1.78 

2946 

V 6. 

41 040 

20.10 

95 0 

15 23 

9 90 

8078 

V 5. 

84 980 

20 IS 

91 5 

lf> 37 

9 99 

8195 

V 6. 

32.380 

20 1*2 

91. 1 

15 18 

9 87 

3196 

V 7. 

30,700 

1 9 78 

ot 1 

U 80 

9 00 , 

3545 

V 7 

29.400 

10 30 

1»3 9 

14 57 

9 17 ' 

2775 

V 7 

3 J 200 

20 07 

»* 3 

15 in 

U 82 

3157 

V 7. 

31,880 

l‘t 00 

02 7 

11 05 

9 .>2 

3035 

\ 9. 

83,040 

19*00 

9- 0 

14 18 

9 22 

3323 

Totals 

528,4 40 


i 


5U822 


Those arc* indeed remarkable figures for pmnacera of any va¬ 
riety any when, showing an average return to the colana of 9.52 
per rent, or 4-1/5 ions of sugar per acre, which, with sugar at only 
$4 per hundred, would be ’worth $.42(1 per acre. 

CONCLUSIONS 

1. The Barbados Hybrid 10(12) and aS7. f'rotjr 12(4), both of 
which were bred by Mr. A no. R Hovel] in Barbados from B 6835, 
are undoubtedly the two most popular varieties on the Island of 
Porto Rico today and are rapidly replacing older standard varieties 
all over the Island, particularly on the south coast, where optimum 
conditions are found for them and where probably 50 per cent of 
the cane area is occupied by these two varieties. 

2. In the British West Indies experiments for many years have 
demonstrated the superiority of the BH 10(12) to the standard cane 
usually grown in those islands, their While Transparent f correspond¬ 
ing to our Vrisfalina . 

3. SC 12(4) has consistently given the best results of any va¬ 
riety employed on the Island of St. Croix. 

4. These canes have of late years been taken to Cuba and Santo 
Domingo and are giving much promise on both islands, the St. Croix 
cane having probably aroused more enthusiasm than the BH 10(12) 
and there being a considerably larger area of the former in Cuba 
*han the Barbados Hybrid . 
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5. All around the coastal plains of Porto Rico it is difficult to 
choose between these two varieties, which have shown uniformly su¬ 
perior results to all other canes with which they have been in com¬ 
petition, including the Cristalina, Rayada, D-109 and B-208, while 
in the hills between Humacao and Caguas the preponderance of 
evidence obtainable would indicate that the SC 12(4) is slightly 
more at home under the conditions of this section than the BH 
10(12), altho very promising results have been obtained with the 
latter thru this entire district. 

6. Our Porto Rican planters who have not given these two va¬ 
rieties careful trials under the conditions of their particular plan¬ 
tations would indeed do well to do so, as they give every promise 
of becoming the standard canes of our Island for the better lands. 
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FOREWORD 


All papers published in this number of the -Jopkn u, were read 
at tile meeting held by the Association of Sugar Technologists of 
Porto Rico, at the Porto Rican Alheneum, at San Juan, P. R., on 
the 5th of July, 1925. 

Three other papers were read at this meeting as follows: 

1. The BH-10(12) and SC-12(4) Canes, by A II Ro'senfeld. 

2. Origin and Development of the Cane Sugar Industry in 

Porto Rico, by F. A. Lopez Dominguez. 

.3. The Effect of the Root Rot Fungus, S'emtttosporanyium 
aphanidcrnuilum (Edson) Fitzpatrick, on the Germination 
and Growth of Sugar Cane Seedlings, by It A. Jtourne. 

Of these, the first was published as No 3 of Vol, IX of this 
Journal, the second will be published greatly expanded in a coming 
number, and the third was withdrawn from publication by the 
author, who expressed the desire of doing a more exhaustive study 
of the subject before publishing on it. 

The Assoeiation had Dr W. A Orton, Director of the Tropical 
Plant Research Foundation, of Washington, I). ('., for its guest of 
honor on this occasion. Dr. Orton gave a very interesting talk 
upon problems in tropical agriculture and the future work of the 
Foundation. 

F. A. I/ipkz Dominquez. 

Editor. 
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AN EXPERIMENT ON DRAINAGE BT MEANS 07 PUMPS 

IN THE CANE PLOTS ‘‘MANUEL MOLINA”, 1 ‘‘FABRIOA PAJAS IV7 

AND ‘‘FABBICA PAJAS 27 7 OF THE GIORGETTI COMPANY, IN 

THE MUNICIPALITY OF BARCELONETA, YEARS 1923-1925 

By E. I). Ooi/>n, Agronomist and Field Manager, Companla Giorgetti, and 
J. E. Berbocal, Agricultural Chemist, Companla Giorgetti 

TOPOGRAPHY 

The 43.50 acres to which this experiment refers lie at a little 
over one kilometer to the west of the town of Barceloneta and of 
the Plazucla Sugar Factory. They comprise three distinct fields 
which stretch from south to north in the order “Manuel Molina,” 
“Fabrica Pajas 1”.,” and “Fabriea Pajas 2 H ”. The last two fields 
are named after the old “Pajas” mill built at the foot of the 
calcareous knoll which rises close by, the oldest factory known in 
the surroundings, the ruins of which may still be seen there. The 
east end of the knoll slopes and gradually merges inlo the lots 
“Manuel Molina” and 4 ‘Fabrica Pajas 1".,” for a short distance, 
forming the higher part of the 48.5 acres, fhe rest of the land is 
low T , marshy, clearly muck-like at intervals, where the dark color of 
the wet soil becomes deeper. These characteristics become loss pro¬ 
nounced in other neighboring fields toward the cast, as the relativch 
higher levels of the valley of the Manat! river are approached, on 
the other hand, they are more noticeable as wc travel in the opposite 
direction toward the muck soil and Manquizah .s* 4 of the Tiburones 
marsh lands. So, then, these lots occupy an intermediate* position 
representing a transition between the predominantly organic soils of 
the Tiburones basin and the predominantly mineral soils of the hanks 
of the Manat! river. In the topographical chart drawn by the engi¬ 
neers J. I). Schuyler and J. M. Howells in the course of their studies 
for an irrigation project of the Plazuela holdings, thefce plots are 

1 Pn'Mous ('stimuli, 18 acres iictuiil menflufeimlit in 1 Oli17 5 «uies 

■* Sixteen acres 

3 Ten am s 

4 ‘ Blanqv fault * ’ is tin* local name for patches of the marsh lands, which pieseni an 
ash like, whitish color on the surface. 
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traversed by the contour lines of 8, 4 and o feet of elevation above 
mean high tide. At present the land measures lower than th*is at 
various places if computed on the basis of the mean high tide. This 
might be explained by the fact that the tide records taken by these 
gentlemen were obtained during the months of March to September, 
thus leaving out of their observations, other months when very high 
tides occur. The calcareous strata of the neighboring hills affect 
visibly the chemical composition and the physical structure of the 
soil in inverse proportion to the depth at which they lie under the 
more recent deposits which constitute the soil These strata are also 
responsible for the springs locally called cameras, common to tins 
region, which come to the surface when the underground currents 
flowing between the strata of the tertiary calcareous rocks are for 
one cause or another interrupted in their course. 

CONDITION OF TI1K 1/)TS 

At the tune when this experiment was planned, the lots referred 
to were covered by a net of water-furrows* quarter-drains, lateral and 
main-ditches common to the “ grand-bank ’' system used in Porto^Uico 
under these extreme conditions of soil moisture. This situation was 
further aggravated by the continuous use and cleaning of the ditches, 
which had made them larger than they were originally intended to 
be The water level in this net of ditches oscillated with the rainfall 
and with the tide, which had full access to them, while the outflow 
was never enough to drain them completely. At the lowest places 
the water level rose to the surface of the soil when the tides coincided 
with heavy rains. Springs were more abundant in the field* nearer 
the Pajas knoll. Some of the rancaras furnished mildly brackish 
water, often used for domestic purposes in times of drought. In their 
surroundings the muck-like condition of the soil was extraordinarily 
accentuated When dry, a fine white eflorescenee appeared on its 
surface. The almost constant saturation of the w r et, soft subsoil, 
liddlcd often by large-size and small-size crab holes was apparent 
by inspection of the inside perimeter of the ditches. 

The newly extracted clay subsoil was bluish white. The cairn 
plants growing on this land were of yellowish foliage; they exhibited 
prematurely dried leaves, adhering close to the stalk, and showed 
a very poor stand. The Para grass languished at intervals, in the 
ten acres given up to pasture, overcrowded by vegetation inor° 
resistant to excessive moisture and salts, such as lichens, algae, eneas, 

(Typha anyustifolia) arrocillo, (Paspalum paniculatum) salvia. 
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{Salvia oficinalis) and various reeds It was impossible to mistake 
the fundamental cause of the low production, heavy annual replant¬ 
ings, and the relatively short duration of the plantings. There were 
also other contributing causes, almost as apparent as the fundamental 
cause; such as excessive distance between stools and between rows, 
and the salt concentration on the surface due to surface* evaporation. 

PREVIOUS PRODUCTION AND COSTS 

The available data cover the year 1912 to 192R, when these fields 
were plowed and planted as gran caltura , as will be explained 
further on. 



Tabi,» Xo. I 

YIELD IN HUNDREDWEIGHTS PER ACRE 
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We have available only the cultivation costs for some of these 
years from 11)12 to 1923. The costs of planting and cultivation for 
the gran cnltura in “Manuel Molina'' in 1917 reached, with the 
wages prevalent at that time, $4.69 per ton of cane; those for the 
gran cult urn in “Fabrica Pajas IV were, in 1918, $5.41 per ton; 
and those of gran caltara in “Fabrica Pajas 2 a “ in 1920 (taking 
the mean cost of plant cane for that year, which tended to be lower, 
as there were no specific data for this field), $5.56 
Evidently this land required closer attention 

PREVIOUS STUDIES 

Fortunately we had in our local literature the valuable work by 
hr. Zerban, “The Marsh Lands of the North roast of Porto Rico,’ 
bulletin No. 4 of the Experiment Station of the Sugar Producers’ 
Association of Porto Rico, 1 published in Api’il 1913. The land to 
Mhieh 1 his paper refers, is part of the “Hacienda Pajas” mentioned 
in his report, the only difference being that he operated a little farther 
t< the northwest, in “Tallinn 3,” which at present is included in the 
field “Terron,” of the (iiorgetti Company 

Dr Zerban recognized drainage as the first necessity of the lands 
lie was investigating. 2 He noticed the saline incrustations on the 
surface of the soil, and determined their percentage composition in 
Pajas 1 as follows: 


(*n 1 1ionic m*ill _ __ _ _ 0. 00 

1iir.il lionk* acid _ __ _ _ _ _7. OS 

Chlorine _ _ _ _ _- 50 30 

Sulphuric acid _ _ _ _ 5. 17 

Usilcimn__ _ _ __ a. 00 

Magnesium- . __ _ _ _ _ _ _ 1.37 

Potassium . __ _ _ __ 2.51 

Sodium . _ __ _ 29.59 


He made determinations of the water-soluble salts in samples of 
soil and subsoil of the same locality and obtained the following 


results: 1 

Bi carbonates Chlorine* Sulphates 

No. 10, Soil-- -- . 097# . 1647 . 042% 

No. 10, Subsoil- - .090% t 212% .047% 


lie also determined the salt concentration in the water of the 

1 Now the Insular Experiment Station 
J hoc c\1 , p 40 

3 hoc ctf , p 22 

4 Loc cii , p 25 
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<litr)ies near the places where he had taken liiR soil samples, and 
found 


No. to. 


Parts per Million 

Total bolwls 
_ _ 2,353.6 


Chlorine 

3,010 


Total acid 
Sulphates radicals 

107.1 3,200 


and lie failed attention to the influence of tile springs of less salty 
water on the diminution of the salt concentration found in the 
v ater of the ditches which drained them. 

With the help of Dr. Johnston, he correlated the vigor of the 
cane cultivated in the sally lands with the salt content of the soil, 
end concluded that there was a very close relation, stating that the 
cane did not present a normal aspect when the olorine in the soil 
exceeded 0.114 pec cent equivalent to 0.108 per cent total acid rad¬ 
icals.-’ As there was no instance in which figures between 0.643 and 
0.114 per cent chlorine were obtained, he could not determine the 
effect of these intermediate amounts on the growth of the cane. 
The mean between these figures would be 0.0785 per cent, which is 
not very far from that of 0 00 per cent and 0 06 per cent fixeej^by 
Maxwell and Eekart in Hawaii. 

He attributed the poor appearance of tile cam* in Plot 3 of 
Pajas, to the high salt content of the soil, expressing the opinion 
that the had effects of the salt would bo even more pronounced, but 
for the attenuating effect of the high nitrogen and lime contents. 
Tlu* results of his analyses made according to the official methods 
*14) were as follows: (15) 


Rump],* Niti„tt<*n Phosphor,, \rnl Joan I'olush 

No. H) _ _ _ _o.38<;; 0.17% j r>i% o. i»" 0 

In 1921 two samples of soil from Pajas were analysed Mr. V A. 
Lopez Dominguez, then Chief Chemist of the Insular Experiment 
Station. The samples were taken in the forty-three and a half acres 
under discussion, and the results were as follows* 


Sample 

Moisture 

Volatile matter_ _ _ 

Insoluble residue- 

Iron and Al oxides. 

Nitrogen- 

1V>,- - - 

K a O_ _ _ 

Lime_ 

1 l ah' nt . pp 26 and 27 
- Lor cit , p 30 


No 272 No 276 

5. 47 7. 95 

IS. 70 22.21 

56. 01 54. 9H 

_ 20.22 19.60 

0. 537 0. 633 

__ 0.105 0. ISO 

- 0. S21 0.612 

1.276 1. 6S7 
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In the Agricultural laboratory of the Uiorgctti Company, .samples 
af soil and subsoil from this same field were analyzed in 1922 by the 
analysts Mr. It. Fernandez Garcia and Mr. .lose E. Berrocal, using 
rfficial methods (16) (Hydrochloric acid of specific gra\ity 1.115 as 
solvent), and the French method 1 in the determinations of alkaline 
salts The results obtained were as follows: 



rfihnin P.iias So J 1'aluicu Prjiis No 1 

Manuel Molina 


H\ It 1 U 

H\ .1 K U 

Kv It V G 


Soil Samples 



Hi ution 

Neutral 

Ukiilitii 

Mkaliw 

Moist uio_ — _ 

. _ 7.715 

7. 092 

7. 142 

Volatile matter _ . 

(13.470) 

- tl 900 (IS) 

jliSjco 

12. (540 

Hiinum. 

(5.27) 

- -)0. 77p lh) 

7. 44 

0. 5(9 


0. 2255 




(0. 237 

0.417) , _ 

Nitrogen- 

_ 0. 23(5 

)0. 210 

0. 35.3 

IM)_ 

0.215 

0. 293 

0. 31S 

K/>» 

0. 207 

0.311 

0. 233 

('ar hoii ates. 

0 H42 

1. 271 

1.551 

Bicai lion at es . 

0.100 

O. 037 

0. 092 

Chloi nlcs_ 

0. ooo 

0. 002 

0. 042 

Sulphates 

0 1S7 

Ti.k os 

0 127 


Subsoil Samples 


Hi if tloll 

Vlk llllll 

V lk.nl i in 

Alkaline 

Moistnio _ 

9. 265 

7. 850 
(13.020) 
l 12. 640j (1S) 

5. 661 

0.1044 

7 162 

Volatilo matter 

11. 290 

10 . 248 

II limns 

Nitiogon in huiiius- 

) 1 25 j ( 

1.911 

Nitiogen, total 

0 . 064 

0.135 

0. 230 

IM K _ 

0. 176 

0. 29S 

0 . 272 

K.O _ 

0 . 267 

0. 311 

0. 233 

Call ion at os 

1. 077 

1 75 s 

1. 304 

Bicurbonates. 

0 . 253 

0. 02S 

0 . 057 

< ’hlorides _ 

0. 0S1 

0 . 002 

0. 055 

Hulphatos 

0 . 269 

Traces 

0. 105 

These analyses Mere 

followed by determinations" of the 

weight 


of the soil per cubic foot to the depth of 24 inches, obtaining: 

Manuel Molina. - _ __ 69. 00 pounds 

P&briea Pajas 1*. - — -- . _ 5S. 00 pounds 

PSbriea Pajas 2". _ . . - _ 00.20 ponnds 
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The following calculations were made on the same samples: 

Weight per Cubic Foot 

Tn the field on In the liiltorutot \. Tn the laboratory, 
the recent 1$ on the uir dried oil mmI dried 

drawn s.i lupUs sanipb * ,it *(>n 0 

. (300 2) v (62.8) , (58.0) 

F&bnea Pajaa 1°. _ p>. 2} (18) }s5.2f ^ 1S> 

F&brica Pajiw 2" _ __ _____ 04 2 01.0 00.2 

Mamtcl Molina. _ _ __ 112. 1 71 1 00 00 

Averages , 101. I 01 3 00. OO 

The samples worn taken in .luly and August 192:1 and in March 

f’lid October 1924, so that the moisture retained h,v the soil and sub¬ 
soil in the open air during these drier months would be approxi 

mutely •ifi.S pounds per each 101.1 pounds total weight, or U(i 4 per 

cent. 

Although obtained much later than the ehemieal data given above, 
we are giving below the results of analyses of samples from these fields 
1 'iade according to the Dyer method as modified by the rhemmtiM&f 


the Hawaiian Sugar Producers 

Kxprrimcnt 

Station (20), 

using a 

1 per cent 

citric 

acid solution. 


Fit burn 

Kfibl MM 




Uinuot Mulin.i 

P.IJ.IS 1 1 

Pujat* 2" 



P 3 (>,_ _ 

_ 0 0382 

0. 01232 

0 01119 

Soil. _ . 


k 2 o__ _ 

_0. 01 ISM) 

0. 01SS4 

0 01875 


CaO_ _ 

_ 0.8595 

1.27S0 

0 S570 



SiO,_ _ _ 

_ 0.2258 

0. 3252 

0. 1847 



PA_- - 

_ 0 . oi:u 

0 00502 

0 00926 

Sul soil__ 


K.<>_ 

. - 0.0133 

0. 0165(5 

0 01263 



ThO 

__ 0.7035 

0. ^991 

1 509 



SiO, ._ 

_ 0. 293s 

0 0625(21) 

0. 1424 


In a neighboring field, separated from the one under discussion 
1.' only a passage way ( cn'lcjdu ) } strong indications of the presence 
( f ferrous salts m the subsoil were obtain *d, as well as unmistakable 
proofs of the presence of hydrogen sulphide. A silver coin w T as 
ternished when jilaeed in contact with the subsoil, m a hole recently 
made and the odor of hydrogen sulphide was distinguishable. Also, 
a light precipitate of ferrous ferric.vanide, or Turnbull’s blue, was 
obtained on a filter paper. The bluish white color of the fresh sub¬ 
soil has been already mentioned. The water, leaking out of the walls 
of the ditches, leave on the subsoil tracks of a reddish-brown color, 
which staud out on the black color of the ground. All these were 
evidences of lack of ventilation. 
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COMMENTS ON THE FOREGOING CHEMICAL DATA 

In the interpretation of results of chemical analyses oT soils made 
hy different analysts, as in the present ease, experience shows that 
general results rather than any particular specific figure should be 
considered, as variations are hound to occur, even in one and the 
same sample, due to difference's in the methods chosen, to details of 
manipulation, to the laboratory equipment, and to the personality 
of the analyst. In the dat # i gi\en b\ Dr Zerban, sample number 10, 
taken from the ditches, seem to show rather high results in acid 
iadicals as compared with the figure for total solids. The figure 
obtained for chlorides by llerroeal in Fabrics Pajas 1 would seem 
to he in error when compared with the others; and these latter show 
considerable variations amongst themselves. The variations intro¬ 
duced hy the washing of the soils hy rainfall, and hy the salt con¬ 
centrations brought about by evaporation, should, however, he borne 
iu mind, as well as the fact that until 1!)20 no official methods were 
given for the determination of alcalme salts in soils, thus giving 
rise to the use of different methods hy different chemists, according 
to the necessities and personal preferences of the analysts. The 
determinations made on extractions with 11(4 of specific gravity 
1.115 by> l)r. Zerban, by Mr. Lopez Dominguez, and by Messis. 
Fernandez (lama and Perroeal differ considerably when compared 
figure for figure; but they agree as to the mediate fertility of those 
soils as shown In total nutritive ingredientcs With this point cleared, 
it is well to compare our analytical data with the standards used 
m other eases to judge the fertility of a soil. 

For mixed soils in which clay predominates, Ililgard considers 
sufficient the following amounts, provided they contain a fair amount 
of lime, as in the present ease. Nitrogen, 0.1 per cent; phosphoric 
acid, 0 1 per cent; potash, 0.45—0.85 per cent. Wolltman, in Trop¬ 
ical Africa, considers good soils those which, having 0.4 per cent lime, 
contain: Nitrogen, 0.12 per cent; phosphoric acid, 0.1 per cent; 
potash 0.2 per cent. 

The foregoing standards for mineral nutrients refer to similar 
soil extractions w T ith strong acids. According to them, our soils show 
up to be very rich. * 

As regards extractions with weak acids, such as citric, let us 
consider the following standards: 

Harrison, in Demcrara, fixed the following percentages as suf- 
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ficient for sugar-cane raising: Phosphoric acid, 0.007 per cent ; 
potash, 0.008 per cent; lime, 0.006 per cent. 

Dyer had already fixed in a general way, a content of 0.01 per 
cent of Path or KsO as the lowest limit, at which fertilizers should be 
applied. 

Maxwell in Hawaii considered as good soil for canc, the low 
lands which contained: PJ)», 0.0023 per cent; KjO, 0 019 per cent; 
lime, 0.067 per cent. 

And McGeorge, lately in Hawaii, considers as fair soils for sugar 
cane those containing: Pj()#, 0.004 per cent; KsO, 0.03 per cent; 
lime, 0.314 per cent. 

The tendency in these standards lias been to increase rather than 
t*> decrease, from Dyer on, uilh the exception of the figure for 
phosphoric acid. According to the highest standards the soils under 
discussion would be deficient only in available potash, a point which 
will be verified in due time. 

tiik srrrmoN 

This could be now staled concretely: We had a plot which was 
not yielding properly, almost nothing m the 10-acre lot, and at a 
loss in the remaining 33*0 acres 

The soil was not a normal mineral soil, as w r as shown by the 
muck soil still apparent in places, similar to that of the marshes 
to the west, the 1o\n weight per cubic foot, its high moisture-holding 
capacity, the low figures for 4 ‘insoluble residue” ami “silicates,” 
and its high content of volatile matter, humus, and total nitrogen. 

We have already seen that the potential fertility of these soils 
as shown by their content of phosphoric acul, potash, and lime, 
soluble in hydrochloric acid of specific gravity 1 113, was remarkable. 
And the deficiencies shown by their 1 per cent citric acid extraction, 
depended on the standards adopted for the interpretation of the 
figures obtained. These deficiencies, in any east* would be shown 
only by the percentages for “silicates” and “potash,” if the 
standards of McGeorge, in Hawaii, were* used as basis of comparison. 
The high percentages of lime gave hopes of improvement, as soon as 
proper ventilation of the arable layers of the 1 soil was obtained. 

On the other hand, there were present dangerous amounts of 
salts, the concentration of which would increase with improved 
ventilation, unless the source of the salts, was cut off, by preventing 
the tides from getting into the plot, and the bad effects of evaporation 
were counteracted by washing accomplished by rainfall. There was, 
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besides, one other hope of compensation in the constant flow of 
almost fresh water derived from the springs above described, which 
might at any time be used to advantage for their amelioration. 

As the ditches across flic plot did not drain completely in many 
eases even in times of low tide and the water level came up flush 
with the soil surface in several places in times of high tides, it was 
decided to carry out a drainage experiment providing for the ex¬ 
clusion of the tide* waters and pumping out the water from the 
springs, seepage, and rainfall, using the least possible number of 
ditches, in order to compensate for the extra expense required by 
Hie operation of the pump. 

EXECUTION OF THE 11 AN 

As a preliminary test, four acres of the higher ground of the 
lot Manuel Molina were planted during dry weather, in the Spring 
of 1924. The old eanals, too wide and deep already, were filled 
and new shallow ditches opened. The planting was done on banks 
of two rows each. The banks were made with implements on the 
furrow made when breaking up tlie old stubbles just harvested. The 
seed used was parth of Egyptian cane (I\ O. #J. lOo) (4 1 ;* acres) 
and partly of Striped Tone (Striped riieribom (i .» acre), and the 
planting 1 was done toward the end of April The yield was about 
080 quintals (44 tons) per acre, harvested in May, 11124. The pump 
dal not affect tins held until the third week of November 

Encouraged by the good growth of this Spring planting, we 
began to prepare for <jmn niltimi planting the remaining 48* L » 
acres. In the Summer of 11)2.4, all the old ditches were filled with 
dirt, adi, bagasse, and trash. Of the old ditches, only the one 
dividing the lot Manuel Molina in two plots (one of o acres, and 
the other of 12^ acres), was kept; so also the ditches around the 
perimeter of the 44 1 acres, and a canal 4 to 4 feet deep in Fabrics 
Pajas 2\ which, stretching from east to west along very low r land, 
could be used to great advantage for collecting the water to be 
pumped. 

Although after filling the ditches the land was rather soft, we 
were able to plow and cross-plow’ with bulls, using a moulboard plow 
Wiard No. 90; then the tooth-harrow* and the disk harrow were 
used. Furrows five feet apart were then opened with a 16-inch 
double moulboard plow r ( fullosa ), and on the one-row banks thus 
formed, furrows were made with a Wiard plow No. 62. This furrow 
was then cleaned with a small, adjustable double-moulboard plow of 
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German make, or with a celery liiller. The subsoil plow was then run 
along both, the planting furrow and the water furrow. 

Then the ditching was done. We cut two main ditches, 4 feet wide, 
and from 2 to 4 feet deep, perpendicular to the collecting ditch, dis¬ 
charging in the latter. The ordinary quarter drains (crucrrog) 
3 v 2, were opened. Ditches wen* further made to drain the springs 
( rdnraras) of greatest flow. 

The planting was then done, in a single continuous row. Tin* 
'sariely planted was Ihe Kgyptian (1*. (>. 4. 105), as it was desired 
to find out whether it would repeat in Plazuela tin* good results m 
tonnage and quality of juices reported from Agundilla, although, 
about one-forth acre of this cane had, however, been destroyed Ihe year 
Ik fore, for its had growth, in a different type of soil. The planting 
was finished in October 26, 1023. 

Meanwhile, the installation of the pump was begun in the begin- 
l lug of October, placing it at the outflow end of the collecting ditch. 
f l lie ditches within the acres were isolated from any outside 

ditches The pump was rcadv to work on the third wvek of November. 

THE PUMP 

We bad available the daily precipitation for 1622, measured in 
the water-gage at Central PJa/uela The maximum in 24 hours 
had been, in that \ear, 3.62 inches oil December 1, and 5.74 indies 
in the 4K hours of December 1 and 2. 

The yearly precipitation in BareeVmeln, according to the records 
of Weather Bureau at San Juan, 1\ I?., varied during the years 
1615 to 1622 from 45.04 inches to 74 13 inches, with an average 
annual fall of 56 63 inches, flu* most frequent and heaviest rains 
i'i Hing nsunllx during tin* months ol* October to January. 

In Ilolbmtl, in the region around Lake Haarlem, with an annual 
P’ecipitation of 27 to *40 inches, and drainage accomplished by open 
ditches and pumps, it lias been necessary to pump up to tbree-eiglitlis 
i-icli in 24 hours (21). In western Knglaud, with an aunual pre¬ 
cipitation of 50 inches, calculations for drainage are based on three- 
fourths of an inch in 24 hours Tin* records for June to October 1606 
a the Willswooil plantation, of the County of St. Charles in .Loui¬ 
siana, the precipitation and lands of which are similar to ours, and 
' here the system of open ditches and pumps was also used for 
drainage, show’ that in two instances they had to pump 1.4 and 1.03 
inches in 24 hours, after a rainfall of four inches; the ordinary 
pumping required is, however, of 0.7 to 0.8 inch in 24 hours. Refer- 
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ring to this ease, Elliot considers as probably sufficient, a rate of 0.75 
inch. Basing his calculations on a maximum precipitation of 24 
inches, during the months of July and August (23), J. (). Wriglit 
estimated the rate of drainage for the Florida marshes, at 0.87 inch 
Wiley determined the moisture-absorbing capacity of these soils, 
and fixed it at 128.75 per cent, as an average of nine samples. 

None of these calculations, could, however, be properly applied 
in our ease, not even the highest, obtained for places with precipita¬ 
tion similar to ours, for the following reason: 

1. The small area of our field, 43 1 ,£ acres, compared with the 
thousands of acres for which the run-off in the cases cited had been 
calculated. 

2 The low elevation of the land on the mean sea level, which 
gives rise to a high water level thus diminishing the depth of soil 
lor rainfall absorption. 

5 The springs, which overflowing into the plot, increase by addi¬ 
tional amount of water then contribute, the rate of drainage that 
could be otherwise obtained. 

More similar than any that we know of have seemed to us the 
conditions described bv Jones. Schliek and Ramser in the basin of 
11n* rivers Black and Pearl, in Mississippi (23). Their measure¬ 
ments of the run-off to drain ga\e 1.00, 1.17, and even 3.48 inches 
in 24 hours that is, about 60 per cent of the rainfall in 24 hours. 

Accepting the run-off at 00 per cent of the precipitation, we would 
have for the 24 hours, a maximum amount of water to pump, in 1022, 
of 3 62 - 0.60— 2.172 inches, not counting the water contributed by 
spiings and seepage, which vary with differences in level of the water 
table 

That we are not far from tin* truth m adopting 60 per cent as 
the proportion of the rainfall to drain, is shown by the following 
e'deulalions, based on tin* water-holding capacity of the soil under 
consideration: 

3 (*- iiH'lich of iniiiiall in 21 lionirt oxer 4-4 acies (23)_ — 3d,007,034 ns jmmiik!s( n 
\xerage moisture contained by the soil in months of 
‘■unity lamfall, 3(5.4 per cent on the weight of the 
Mill m situ. 

Ditto, to complete Maturation, accoiding to Gran ley, 

41 per cent. * 

Suiplus capacity for use in times of rainfall 7.(5 


per cent, which on 43% acres_— 14,400,93(5.00 poumM 2) 

Difference that must be drained in 24 hours_=■ 21,60(5,09S.0S pointils(31 

Kntio (3) to (1)_ _ 
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To drain this amount of water in 24 hours, we would have to 
pump at the rate of 1,805 gallons per minute. 

Bearing in mind the unknown amount of water that might he 
supplied hy the spring and seepage, it was decided to install a pump 
of greater capacity, (2,100-5,000 gallons per minute) operated hy 
an oil motor, type Y, Semi-Diesel, of 15 H. P. According to the 
manufacturers, such a pump should he capable, under a head not 
to exceed 10 feet, of draining 4 inches of rainfall from 61 acres in 
116 hdurs. As a matter of fact, there have been instances when 
we have had to pump consecutively during one day and night and 
the following day, in order to remove the water fallen. In time* 
of drouth and no trouble in the motor we have pumped from one-half 
to 1 hour daily, to remove the water from springs and seepage 


To test roughly the efficiency of the installation tlie following 
calculations were made, based on data obtained on May 211th, when 
4.14 inches of rain fell in the course of a few hours, filling all the 
ditches, and flooding the lower parts of the plot. 

The pump operated normally, and the water was removed in 
32Vi> hours (1,050 minutes). 


414 inches \ 43 5 acres ' 
12 N * 3.0680 


1,000.000 


— 4,800,188 gallons 


4,800,188 or/vy „ . + 

— —2,507 gallons per minute. 

i»*t)0 


60 9, of 2,507 *= 1,504.2 gallons 

The efficiency of the plant then resulted too low, estimating run¬ 
off at. G0 f /» of the rainfall-probably too low for this particular c«s<\ 


THE plvntation 

After replanting and fertilizing, the cane grew without inter¬ 
ruption and exhuberantly, an unfamiliar occurrence in these fields, 
the planting of a part of which at least had always boon considered 
a waste ot time and money. 

Several analyses were made of the water on samples taken at 
the intake of the pump, and from the outflow canal outside the lot, 
to compare tlieir chlorine content. The results were unexpected. 
The water from the inside diteli allowed a higher percentage of 
chlorine than that of the outside canal, as may be seen from the 
following figures. 
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Number of 

Farts of chlorine per million 

Date 

determinations 

average 


a^eiage 

Tnside 

Outside 

From December 20, 1923, to 




February 19, 1925 . 

35 

696 54 

549.28 


The last two weeks during which samples of water were analyzed 
(February 8 and 19, 1925) a mean concentration of 675 parts of 
chlorine per million was found, as compared with 769 parts per 
million found for the first two weeks (December 20 and 28, 1924). 
This seemed to indicate a slow washing by the fresh rainfall water. 

In March, 1924, there was a severe drought. The plantation 
was beginning to show its effects. As a test, we decided to irrigate 
five acres of Fabrica Pajas 2 a . with same water thal was pumped 
fiom the plot. This was done, conveying the water from the dis¬ 
charge of the pump to the land by means of wooden conduits. 
The plantation improved visibly by the weekly irrigations given on 
the 21st. and 28th of March and 4tli ol' April. Then the rainfall 
made it unnecessary to continue the test. 

In August, 1924, it was easy to foresee that the yield would not 
be less than 800 quintals per acre. 

The harvesting began on January 5th, 1925, and by February 
18th the 281 o acres of plant cane and the 5 acres of first ratoons 
had all been cut and hauled to (Vntral Pla/.uela. Tin* results were 
as follows: 


<irau Culturn 11 month-. 


(juintalh \ielded 
To Lai IVi acre 


FAbrioa Pajus 1 
KAbrii*a Pajas 2 
Manuel Molina 


10,880 00 
8,084 80 
11,S49 70 


1,055 00 
H08 48 
971 97 


Average 


37,715 10 


979.01 


The ratoon cane in the 5 acres flowered at 10 months. Tt gave 
2,421 90 quintals, or at the rate of 484.28 quintals per acre. 

The stubble, in general, has required very little replanting, and 
at the time of writing (May 1925) it is growing-veiy well and 
promises to give a fair crop for 1926, with reasonable expenses for 
cultivation. 

The results obtained have surpassed our greatest hopes. It is 
possible that they may be duplicated in many parts of Porto Rico. 
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Costs 

1 Installation of pump and motor, with shod, full expense. $3, 54(5. ‘21 
Amortization in five years, annual chaige- 

2. Materials for repairs and for pumping (petroleum, gasoline, oil) — 

3. Wages, pumping and repairs- 

1 Cost, planting and cultivation, 3S*4 acies plant cane and 5 acres 

first stubble - - - -- - - — 

Tolal cost. 

5. ’Foils of cane produced- - - — 

0 < ost per ton of cane, counting amoifixation. ------ 

7 Cost per ton of cane, not counting amoitization. — .. _ 


+709. 24 
4(51. 46 
27(5. 57 

4, 731.90 

+(5,179 17 

2, 006. K5 
+3. 07 
$2. 72 





WHAT SUGAR-CANE VARIETY TO PLANT 

By R. A. Vevf, in charge of Expeiimcnt Station, Fajardo Sugar Glowers. 

I have taken as ia subject for this paper to bo read before you, 
‘ What Variety to Plant* \ I have taken this subject because this 
is an every-day question made by the eane growers, and no doubt 
a very important one. Offhand, it seems very easy to answer this 
question, especially if the person that is questioned has had any 
success with a specific variety of cane; he will immediately advise 
his friends to plant nothing but that variety that has done so well 
with him. 

To my mind, and no doubt to the mind of most of you present, 
this is a very hard and delieate question to answer since it may 
involve great financial losses. Whenever this question is put up 
to me, my answer is that il is up to every eane grower to decide 
v T hat \ariet> is host adapted to his soil and special conditions prevail¬ 
ing in that region. Naturally 1 don't mean by this, that if iny 
neighbor has exactly the same kind of sod and conditions and I 
liMe bad success ith a certain variety of eane that 1 would hesitate 
to refommend it to him, but I do mean that to-day in Porto liieo, 
and this is a very common practice, because a variety does well in 
one section most of the growers think tha 4 it should give similar 
results in the whole Island I can safely say that at present there 
have been great losses experienced by cane growers as well as factories 
due to the little or no importance gi\en to the adaptation of varieties 
to the different localities. Reading the Journal of tiik Department 
of AuRiriu/rrHE of Porto Rum, Vol 8 No J, for the month of July 
P>24, in the article “Some Java l\O.J. Seedlings in Tucuman and 
Porto Rico”, 1 find a paragraph by Mr. A. IT. Rosenfeld whose clear 
mind has sized up this question of how varieties arc* planted. His 
paragraph I quote as follow's: 

“Fa the can* »f \arieties of sugar cane, Roe and appo.uanee, \es, even a 
characteristic color or mode of growth may exert more influence tlism their actual 
pioducti\ ity or resistance ty disease and it appears to the author that we could 
find no hotter illustiation of lliis fact than the case of P-J33, the woll-1 iiowii 
4 *<Vniza M cane, which has proven so \alnnblo under the peculiar conditions of 
< entral Fajardo, in Poito Rico. Careful experimentation and years of experience 
at this progressive central have demonstrated beyond the shadow of a doubt 
the value of this cane—normally a variety of good tonnage but indifferent sugar 
content—under the conditions of most of their properties, but this demonstration 
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under limited conditions does not justify Ihe wide distribution of D-433 under 
materially distinct environment of soil and climate. No one will deny, we think, 
that the good size and ease of identification of this variety, as well as the no¬ 
toriety it has received from its good record at Fajardo, have been more potent 
factors in its wide distribution than the results of carefully conducted field trials 
under the actual conditions of the many other sections into which it 1ms of late 
years been extended. ’ 1 


Just as a matter of illustration i am going to give some more 
([(‘tails of this specific case. 

The variety used in Fajardo in a plantation scale (when I say in 
Fajardo I mean administration cane as well as colono's), is the 
D-433; 1 know very well from experience as well as records obtained 
from other factories and experimental stations that this variety lias 
been a great failure in most parts of the Island, bill 1 do know 
that this cane has been the savior of the sugar business in our 
district. 

In evidence ot the above statement let me give you acreage and 
lonnage of this variety for the last five crops and the average tonnage 
obtained by the Fajardo Sugar ([rowers’ plantation so that^you 
have a clear idea of what the introduction of the variety D-433 
meant for the sugar business in our region. The yearly acreage 
not reported as l)-433 includes at least one thousand acres of BII 
10-12, SC 12-4, Y.C., D-100, F (\ Seedlings and other varieties 
exclusive of Ciistalma and Bavaria 
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33 

1 ^ 
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1921 

All included 

9,1)01 7 l 

16 7ft 

18 2ft 

82 90 

10 7o 

1 79 


D 133 o\ehn>t\ cl\ 

8 

2G 37 


82 70 

10 *10 

1 2 72 

1928 

All included 

8 01ft U‘2 

20 74 

1 18 28 

81 1ft 

10 tJ ft 

2 27 


0 133 e\clu«d\ el\ 

1.517 81 

33 92 

18 20 j 

82 00 

10 40 

| S M 

1923 

All included 

7,773 29 

19 91 

18 64 1 

81 54 

11 28 

2 2ft 


I) 413 cxelusivelj 

! 2,19") 0G 

20 42 

18 90 | 

81 GO 

11 30 

2 97 

1921 

All included 

8,015 16 

2G 86 

17 71 

82 21 

10 2ft 

‘2 7, r » 


I) 433 exclusively 

1,09ft 90 

32 52 

17 90 

82 60 

10 40 

[ 3 3ft 

192ft 

All included 

I) H3 cxclush el\ 

7,435 60 
4.215 97 

31 74 
3ft 61 

17 94 . 

18 21 

82 27 
82 81 

10 40 
10 78 

3 30 

3 81 

Notes: 

Figures for ciop 1023 onh include 

cane hai vested 

1 ii]) to June 

25, 19 

25. 


and very little for crops 1024 and 1925. 


Now I will give you some data in this same variety, D-433, which 
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have been obtained from (Vntral Carmen, Vega Alta, and which goes 
to prove that a variety that behaves well in a place does not neces¬ 
sarily give equal results when tried elsewhere. 


Kind of pane 

| Xereage 

Tons Cane 
pei (Mji 

Brl\ 

Puritj 

Yield 

Tuns Sugar 
, per Cda 

o r 

SMI 67 

28 84 

13 71 

76 ’> 

7 10 

2 01 

U CJ 

9 10 

13 74 

15 66 

77 6 

8.35 

3 65 

l’rima\ era 

22 69 

38 66 

15 44 

1 

78 1 

8 11 

3 15 


You will naturally ask the question of why these great differences. 

The following is my explanation: 

The soils of Vega Alta where this cane was planted are of a 

sandy structure while the ones of Fajardo are hoavv clay formations. 
» * 

To my best understanding this is the main reason, as it has been our 
experience that D-433 whenever planted in the sandy soils of Fa¬ 
jardo has given as poor or poorer results than the ones obtained in 
Vega Alta. I am only mentioning the soil factor, but there are 
others such as climatic conditions, cultivation, ete. ? which also affect 
the adaptability of a variety; for instance, we are propagating today 
a great deal of our seedling F. C. 30(>, which is a high-tonnage and 
uch sugar cane, in our plantations, yet we had to discard it from 
one of our estates situated in a high altitude and where the pre¬ 
cipitation and atmospheric humidity is very great, because it is 
extremely susceptible to the leaf eye-spot disease 

I have taken 1) 433 as an example, because it is the cane with 
which w T e have experimented most. Tint T could have used ft. IT. 10-12, 
S (\ 12-4 or any of the great number of varieties we have in Porto 
Rico for the same purpose I have seen results obtained from S. (\ 
12-4 in Mereedita, Ponce, and personally examined the cane fields, 
and nothing better could he expected. In Ilumacao this variety 
also does excellently, yet m Fajardo our experience has been that of 
a very high sucrose cam* but low tonnage per acre. We bad a 
technologist from the Federal Kxperimental Station visiting our 
fields some time ago and lie refused to believe that this was tli 1 
same S. (\ 12-4 they had in Mayagiicz. T am only mentioning this 
to impress upon you the behavior of varieties in different localities 
I also want to make clear to you that even with the good results 
that w'e have obtained with the D-433 we do not expect to keep it 
in our fields for a lifetime. There may be today hundreds of other 
varieties that will do even better than D-433 and this is the kind 
cf investigations that every cane grower should make when possible 1 
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At present great hopes are placed in 11.11.10-12 to replace D--433 
a gran-culluro cane (long growth), as it will give equal tonnage 
and higher sucrose content, hut in Primivvera planting and ratoons 
running between eleven and twelve months old, so far I)-433 is 
allowing some superiority. 

In concluding we would recommend to all cane growers not to 
a'cept any offhand advice as to the variety he should plant unless 
the special variety recommended to him has been successfully and 
thoroughly tried out in his section. 

The ideal of every cane grower is to find a high tonnage variety 
with an equally high sucrose content. 1 lirmly believe that this 
could be attained if all the centrals of the Island that have means 
to do it should run experimental stations. These stations should 
cf.rry out the expensive work of determining which is the variety 
lest suited to their region and recommend it to the planters. 



RELATIONSHIP OF CANE VARIETIES TO DISEASES 


Melvtllk T (kiOK, Plant Pathologist, Insular Expert mc*nt Station, 

Rio I hod r as, P. R. 

Jt is very generally recognized that some varieties ol* plants are 
much more resistant to eertain diseases than others. This is very 
readily observed in both wild and cultivated plants. Even the most 
rasual observer eannot fail to note that diseases do not spread 
uniformly through a growth of wild plants or over a field of eiiltivated 
plants. This is because some plants are more resistant than others. 
Susceptibility to disease may account for the complete extermination 
of some species and varieties of wild plants in the past. It certainly 
does account for the abandonment of some varieties of cultivated 
plants within very recent time. 1 

The fact that some plants are more resistant to eertain disen-'s 
than others has been utilized by the growers of plants for many 
\eais, in fad, this practice is so old that it is impossible to tell 
.just when mail lirst began to select plants that were resistant to 
disease*. Within recent years, many diseases of plants have been 
In ought under control by the selection of resistant strains and 
\c’i*ict and this method is now \erv generally recognized as om> 
of 1 lie* most important in our fight against the* many diseases of our 
e i ops. 

The sugar-cane growers of Porto Rico ha\c long ago learned 
that the selection of resistant varieties is a most important method 
of fighting some of our enemies r l he glowing of the* recognized 
varieties of t\\ e*nty-fi\e years ago, have been greatly red need, because 
e*l their susceptibility to mosaic and new and more* resistant varieties 
have cm, me into use A few years ago, the gummosis disease became 
a threatening factor in Porto Rico, but is now of comparatively 
little* importance because our growers have learned that it can he 
eliminated by the* growing of resistant varieties (See Matz, J., 
(Summing Disease of Sugar Pane”, Journal of the Department of 
Agriculture, (>*.0-21, July, 1022). 

Put our growers have also learned that resistance i<> dissease is 
only one of many variations of sugai; cane. Varieties differ greatly 
in character of growth, amount of tonnage, fiber, sucrose, and 
oilier factors which are quite important. This is true, not only in 
Porto Rico, hut also in other cane-growing regions of the world 
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and is probably the most important line on which onr specialists are 
working for the advancement of the sugar-cane industry. The result 
is that the development of sugar-cane varieties is receiving more 
attention at present than at any other time in the history of the 
sugar industry and new varieties are being developed in great numbers. 

With these facts before us, let us inquire a little more closely 
into the question of varieties and their relation to the future of the 
cane-growing industry. It has been long recognized that all plants 
ore subject to variation; in fact, it is often said that no two plants 
are exactly alike. The resemblances may be so close that it is 
practically impossible to detect the difference, but the differences 
are there; and it is this tendency to vary that has given rise to 
the enormous number of varieties of cultivated plants. In fact, 
some of the greatest advances in agriculture have been made by 
workers who were able to recognize and preserve valuable varieties. 
This has been practiced for centuries more or less blindly by men 
who did not understand natural laws of variation which have been 
demonstrated in recent years. 

Varieties may arise in several ways, but the three most common 
are: 

1. A gradual variation in which it is necessary to select the 
most desirable plants through a number of generations. In this 
manner the desired plant may eventually be secured. 

2. Very pronounced and stable variations may appear within a 
single generation. These variations are known as “ Mutants” and 
may be good or bad. These variations must be studied by well 
trained workers and tested from many angles in order to determine 
their relative values. 

3. The careful breeding of plants by cross-pollination and pro¬ 
duction of seedling from which selections must be made by competent 
judges. This has become a very general practice in many of the cane¬ 
growing regions of the world and has given rise to a large number 
of seedlings. 

The selection of desirable varieties by one who understands what 
is wanted may at first appear to be a simple process, but plants 
possess enormous numbers of characters, some desirable, some un¬ 
desirable, some prominent and easily recognized, others hidden and 
evasive. Furthermore, this enormous number of characters are 
subject to an endless number of groupings. It will be readily seen 
tliat these factors give rise to a great number of complications. But 
tliys is not all; a variety may behave quite differently in different 
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parts of the world or under different environmental conditions in 
contiguous territory. 

The growing of new varieties has now reached proportions un¬ 
thought of a quarter of a century ago and new varieties come and 
go with such rapidity and in such great numbers as to he almost 
bewildering. 

It is the purpose of this paper to consider this subject of new 
varieties from one angle only—that of plant disease. Of course, 
a new variety that does not grow well, give good tonnage, good su¬ 
crose content, and possess other qualities that are desirables from 
the standpoint of sugar production, will he eliminated from con¬ 
sideration. 

Many of the breeders of sugar cane are thinking more of tonnage 
and sucrose content than of other factors. But a cane that pos¬ 
sesses these good qualities may also possess bad qualities such as 
susceptibility to some'of our well-known diseases. Even a seedling 
from parents that are resistant to a disease may prove to be very 
susceptible to that same disease. 

But there are two other factors which must not be overlooked. 

(1) An insignificant disease may find a new variety so favorable 
for its growth, that it will suddenly become a disease of major 
importance. (2) A disease of grass may find the new variety of 
cane to its liking and develop into a serious problem. 

Let us take a few examples: 

(1) Cane mosaic must have existed previous to the first report 
from Java in 1890. It is easy to say that it spread from Java through¬ 
out the greater part of the cane-growing world, but that it is not easily 
proven. However, no one who has studied the subject will fail to 
understand that it has a very definite relationship to other varieties. 
This is well know to our Porto Rican growers and the use of resistant 
varieties has been and probably will continue to be one of the most 
important methods of fighting this disease. 

(2) The vascular disease or dry top rot (Plasmodiophora vas¬ 
cular um) which has been found only in Porto Rico. It is especially 
severe on I>-109, when grown in low, rather wet land, but it also 
attacks several other varieties. Where did it come from? How 
long has if been an enemy to cane 1 . It appears that the best method 
of combating this disease may be in the use of a resistant variety. 

(3) The “eye spot” 1 is a very old and very widely distributed 
disease. It may have been in Porto Rico for centuries, but was 

* Sometimes called the Manat! disease. 
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never considered an important factor until 1923. It is now looked 
upon as one of our most important diseases. It has no doubt sud* 
denly become serious because of the coming of new varieties of cane 
which are susceptible. In Hawaii this disease is most severe on 
H-109, but in Porto Rico we have a number of varieties that are 
more susceptible such as I>-109 and PC-306. This is one of our 
important problems and it appears at this time that the selection 
of varieties and place of planting will be the two most important 
factors in controlling this disease. 

(4) Gummosis was first found in Porto Rico in .1920, although 
it was reported from Australia a quarter of a century before that 
date. It may not be possible to determine where it originally came 
from or how long it had been in Porto Rico previous to its discovery, 
but it has been demonstrated that it can be controlled by the use 
of resistant varieties. 

These four important diseases (mosaic, dry top rot, eye-spot, 
and gummosis) are well known to this audience. They have all, 
with the exception of the “eye spot", been discovered in Porto Rico 
within the past ten years, although they may have been hdfc a 
much longer time. In fact, the “eye spot” may have been here 
almost from the beginning of the sugar industry. Their history in 
Porto Rico is a most excellent proof of the importance of the selection 
of resistant varieties in the growing of sugar cane. 

The records show a dozen or more minor diseases of sugar cane 
in Porto Rico, any one of which may become of importance at any 
time provided it finds a suitable host variety. Minor diseases which 
suddenly become important are frequently looked upon as “new” by 
those who are unfamiliar with plant diseases, but if we could only 
learn their full history, we would find that some of them were 
formerly minor diseases while others may have come from related 
uncultivated plants. 

But the selection of varieties of high tonnage, high sucrose content, 
and high resistance to disease must bring other factors into con¬ 
sideration, the most important of which are relationship to soil and 
climate. This is well illustrated in the case of the “eye spot” which 
is most severe in regions and during periods of high rainfall. 
Although this disease was severe in 1923, it did not attract much 
attention in 1924, but was very abundant in 1925. It is now looked 
upon by many of our growers as a disease of major importance 
and is one of our major problems at the Insular Experiment Station. 

Therefore, it appears that the development of new varieties will 
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very probably bring into prominence certain diseases which are of 
minor importance at this time and that our problems will become 
more and more complex. However, this must not be interpreted 
as an argument against the development of new varieties. The 
development of new varieties iB the key to progress in the sugar 
industry in Porto Rico and in other parts of the world. But we 
must recognize that our troubles are not ended with the mastery 
of mosaic. 

New and more complex problems will arise from time to time 
with the finding of varieties of high tonnage and high sugar content. 
Every advance in the development of improved varieties will intro¬ 
duce new problems of diseases and some of these problems may be far 
more complex than those that are before us. 




STEAM CONSUMPTION IN AN ELECTRIFIED SUGAR mtt.t. 

By Jos i R. Oaebebas, B. 8., Chief Engineer, Juncos Central Co. 

This paper is a brief abstract of a complete study made on the 
steam consumption of a sugar factory of this Island, with a quadruple 
effect evaporative installation, and on the expected steam consumption 
after the addition of a pre-evaporator which would supply also 
sapors to the juice heaters. 

The scheme of adding a pre-evaporator to a quadruple effect 
forming a quintuple, and at the same time, supplying vapors at 
double effect to the juice heaters, is not new, as most of you may 
know. Noel Deerr in “ Sugar’ 7 and Hausbrand in “Evaporating, 
Condensing, and Cooling Apparatus”, treat that and similar schemes 
fully, and actual installations may be found in (Juba, Hawaii and 
other countries. So far as 1 know, though, this system has never 
been worked before in Porto Rico. 

Before going into the discussion of the steam requirements, in 
the actual and in the system in project, a brief description of the 
factory apparatus and process is necessary. 

Actually, the factory is almost wholly electrified. It has one 
750 KW. Westinghouse Reaction type steam turbine and one 500 
K.W. Westinghouse impulse type turbine. One Corliss engine of 
120 HP. and one Corliss engine of 450 HP. drive most of the mill, 
and 100 HP. in small steam pumps are scattered in various works 
in the factory. 

The juice is passed through three juice heaters, 1,250 square 
feet H. S. and heated to 212 degrees Fahr. After being clarified, it 
enters the quadruple effect at an average temperature of 180 degrees 
Fahr., and leaves as syrup of 27 degrees Beaume. Strikes of “Puras” 
and “first”, massecuites are done in a calandria pan; “second”, 
“third” and some “first” arc done in two-coil pans. 

The juice heaters and quadruple effect work with exhaust steam 
and the addition of live steam to mantain 6 lbs. ga. back pressure 
at the evaporator, or 11 lbs. ga. at the engines. 

The calandria pan works with exhaust steam exclusively. The 
coil pans work mainly with live steam. 
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With the system in project, the jaice heaters will work with 
vapors from the pre-evaporator; the pre-evaporator will work with 
the exhaust steam pressure same as previously; the calandria pan 
with exhaust exclusively, and the coil pans with live steam mainly, 
or if able, with exhaust steam exclusively. A new juice heater, 
1,000 square feet H. S. will be installed also, for reheating the juice 
after clarification, and will work with vapors from the pre-evaporator. 

Now, a word before submitting the results obtained. It would 
be foolish to claim exactness in the figures to be submitted. They 
represent the results from average conditions at the usual heavy 
rate of grinding and for maximum normal extraction of 83 per 
cent and 35 per cent dilution on cane. The calculations have been 
made mainly to show the relative proportions among the steam 
requirements of the different apparatus in the old and in the system 
in project. Please remember, therefore, that the tabulation of 
results given below must be considered as fairly approximate to 
the steam consumption of the apparatus. 
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Comparative Heat Balance in Pounds Steam per Pound Juice per Hour, 
760 KW, Turbine Unit in Service 


Wiraorv Prk-evaforator Systipm: 

Exhaust produced by— 

Turbine_ 0.2491 

Corliss engines_0.1054 

Steam engines_0.0016 

- 0.4161 

Exhaust required— 

First heating_0.1370 

Reheating_ 0. 0404 

Evaporation_... _ 0.2230 

Boiling in calandria___ 0.0931 

Deficit in exhaust steam- - 0.0834 


0. 4995 


0. 4995 0. 4995 


Deficit in exhaust steam_ 

Deficit in live steam equivalent. 

U»S IN (I PR’-KVAPf RATOR SYSTEM: 

Exhaust produced by— 

Turbine- - 

Corliss engines ___ 

Steam engines__ 

Exhaust required— 

First heating - _ __ 

Reheating_ __ 

E\ operation_ 

Boiling in cuJandria_ 

Excess in exhaust steam -_ 


, 0.0834 
. 0.0740 


0. 2491 
0.1054 
0. 0610 

- 0.4101 


_ 0.0000 

—_ 0.3135 

_ 0.0052 

_ 0.0809 


0. 3990 
_ _ 0.0105 


0.4161 0.4161 


Excess in exhaust steam 


0. 0165 
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TABULATION OF RESULTS FOR THE 500 KW. TURBINE UNIT IN 

SERVICE 
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Quadruple 

Quintuple 

Quadruple 

Quintuple Quadruple 

' Quintuple 

POWKH 






1 

Turbine 500 K YV . 

0.1810 

i 0 1841) 

18.74 

18 74 

8 78 

1.56 

Corliss Engine'*. 

0.1054 

0.1064 

10.19 

10 19 

o oa 

2 46 

Steam Engine-* ... 

0.0616 

0 0016 

1 67 

1.57 

0.81 

0 87 

Evaporation Ac Boilinu- 

j 






Heating of juice. 

0 1870 


118.80 

i .5 u 

28 67 


Reheatingoijuice . ... 

0.0464 

6 oor>2 

40.14 

8 01 

*1.08 

Evaporation 

0.2230 

0 8135 

192.41 

270.47 

88. *7 

i 65.58 

Boiling in Cal Ban . 

0.0981 

0.0809 

80,66 

70.01 

16.06 

16 96 

Bolling in Coil Pan. .. 

0 0068 

0 0068 

6 54 

6.64 

1.80 

1 58 

Preparation of added 






water In Pan . 

0.0212 

0 0212 

20 42 

20,42 

4.07 

4 95 

Lowes . 







Steam pipe Losses 

0 0020 

0.0020 

2 On 

2.00 

0.1 O 

0. 18 

Condensation Losses .. 

0.0106 

0 00 R 7 

10.0.i 

8.40 

2.00 

2 08 




501.65 

412.87 

100,00 

I 100 00 


Comparative Heat Balance in Pounds Steam per Pound Juice per Hour, 
500 KW. Turbine Unit in Service 

WlTTlOPV I'RE-EVAPUtATOR SYSTEM: 

Exhaust produced by— 

Turbine___0.1849 

Corliss engines_0.1054 

Steam engines..?_ 0.0616 

- 0.3519 

Exhaust required— 

First heating_0.1370 

Reheating__ 0. 0464 

Evaporation_ 0.2230 

Boiling in calandria- 0. 0931 

- (». 4995 

Deficit in exhaust steam- 0.1476 

0. 4995 0. 4995 


Deficit in exhaust steam- 0.1476 

Deficit in live steam equivalent_ 0.1321 
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Using Pbe-evapobatob Ststkh : 

Exhaust produced by— 

Turbine- 

Corliss engines- 

Steam engines- 

Exhaust required— 

First heating- 

Reheating_ 

Evaporation_ 

Boiling in oalandria ... 

Deficit in exhaust steam_ 


. 0.1849 
. 0.1054 
. 0.0616 

- 0.3519 

. 0.0000 
. 0. 0052 
. 0.3135 
. 0.0809 

- 0.3996 

_ 0.0477 

0.3996 0.3996 


Deficit in exhaust steam__ 0. 0477 

Now, let us discuss the figures obtained for the 750 KW. turbine 
unit, which is our most) convenient condition in the actual installation. 

Without the pre-evaporator, 0.0746 pound of live steam per 
pound juice per hour must be added to the exhaust for the heating 
requirements. If we could save this live steam, the economy for 
a 24-hour day would amount to— 

102,250 X 0.0746 X 24 7.37 = 39,415 pounds of coal, or 17.6 

metric tons per day. 

Coal is considered as having 11,850 B.T U. 

Efficiency of boilers as 60 per cent. 

Equivalent Evaporation = 11,850 X .6 -s- 963.61 = 7.37. 

If a $10 price per metric ton of coal is considered, and if it were 
posible to maintain the 1,500 tons per day rate of grinding during 
125 days of the season, the saving would amount to— 

17.6 X 10 X 125 = $22,000 for the year. 

With the installation of the pre-evaporator under the scheme 
explained, it is seen from the tabulations, that working with the 
760 KW. turbine unit, there will not be the necessity to add any 
live steam to the exhaust; to the contrary, there will be an excess 
of exhaust steam of 0.0165 pound per pound juice per hour, which 
represents about 0.0165 X 100 -s- 0.4161 = 4 per cent of the total 
exhaust steam produced. This excess may be employed to substitute 
live steam in the coil pans, and thus its loss be avoided. 

For the 500 KW. unit, the difference between the deficit of 
exhaust steam in both oases is 0.1476 — 0.0477 = 0.0099 pound 
exhaust per pound juice, or 0.0894 pound equivalent live steam 
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per pound juice per hour, in favor of tbe projected system. This 
is a saving of 21.08 metric tons coal per day, or $26,350 per 125 
days grinding. 

With this turbine in service, there will always be required a 
small amount of live steam for the normal evaporating load, and 
there will rarely be occasions of excess exhaust. We expect that 
it will prove to be the most economic scheme for the factory. 

Since a pre-evaporator installed under the discussed system, com¬ 
pletely erected with its accessories, will cost about $25,000, it is our 
opinion that it is a worthwhile investment to be made in any sugar 
factory. Its cost may be saved almost completely in just a year of 
grinding. 

A paragraph of explanation before 1 close. The amount in dol¬ 
lars that we claim may be saved in a year of grinding, we don't 
mean it to be necessarily in dollars. The saving made will appear 
in the value of the coal economized during the year and in the 
value as a fuel of the bagasse pile left over as excess. 

To those interested in this matter, the tabulations of JSsults 
given in this paper may be helpful in some other considerations 
that come along with the problem, but that 1 do not deem proper 
to discuss now. Our aim has been merely now to call your attention 
to the distribution of the steam load in the factory and to the large 
saving that may be made in fuel consumption, if schemes are worked 
toward the diminution of the steam consumption in the evaporating 
and graining stations of the factory. 



PORTO RICAN CANE-GRUBS AND THEIR NATURAL ENEMIES, WITH SUGGES¬ 
TIONS FOR THE CONTROL OF LAMELUCORN LARVAE BY 
MEANS OF WASP-PARASITES (SCOLHDAE) 






PORTO RICAN CANE-GRUBS AND THEIR NATURAL 

ENEMIES, 

WITH SUGGESTIONS FOB THE CONTROL OF LAMBLLZOOBN LABVAE 
BY MEANS OF WASF-PABASZTES (SOOZJIDAE) * 

By Haeold E. Box, F. E. 8. (Lond.), 

Entomologist, Central Aguirre Sugar Company, Porto Rico 

INTRODUCTION 

The insects known as “White Grubs” are the larvae of a group 
of Beetles technically named Lamellicornia (sometimes referred to 
as Scarabaeidae) , characterised by the peculiar formation of the 
antennae or feelers in the adult; the apical Segments of the antennae 
are flattened out at right angles to their length to form thin leaf¬ 
like plates or lamellae. The Lamellicom beetles occur in all parts 
of the world, but their numbers are more abundant and the species 
more varied in the Tropics than in temperate regions. Among 
them are included many of the worst pest of the world’s food-crops 
ot both tropical and temperate parts of the globe, but, principally 
owing to the fact that crop-rotation is less practised in the former, 
the damage due to Lamellicorn larvae is generally more severe in 
these parts than in cooler climates, as exemplified in those species 
that attack the Coconut Palm ( Cocox nnrifera, L.) and the Sugar¬ 
cane ( Saccharum officinarum, L.). 

The Lamellicornia are classified into about a dozen families, two 
of which include the species whose larvae attack sugar-cane; these 
are (i) the Melolonthidae (May-beetles, June-bugs, or Brown Hard¬ 
backs), and (ii) the Dynastidae (Rhinoceros Beetles, Black Hard¬ 
backs, etc.). In each of these families many thousands of species have 
been described and studied from all parts of the world, and include 
the sugar-cane grubs of Australia, Mauritius, India, Hawaii, South 
America and the West Indian -Islands. In the countries metioned, 
with the exception of Mauritius and Hawaii, the cane-grubs are 
the larvae of indigenous species of beetles that have adapted themselves 
to feeding upon the sugar-cane. Mauritius suffers from the attacks 
of a species that was accidentally "introduced from the island of 
Barbados some years ago, without the parasite which kept it in 

* Published by permission of Mr. 0. L. Carpenter, Vice-President and General Mask* 
ager, Central Aguirre Sugar Company, Porto Rico 
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FIG. 1.—Relations between the Food-plant, Pest, Parasite, and Hyperparasite (Del. D. Wilson) 
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check in its native home, so that considerable loss was sustained 
before it was eventually brought under control. The canes of Hawaii 
were in a similar way attacked by a Lamellieorn that was inad¬ 
vertently imported from Japan. In each of these instances the pest 
was stopped from further unlimited increase by the importation of 
parasites from its original habitat. 

THEORETICAL CONSIDERATIONS 

Prior to the planting of sugar-cane, the native species of beetles, 
which today are pests, took their place in the “Balance of Nature”, 
feeding at the roots of such wild graminaceous plants as they 
could find, their numbers being kept from increasing by the limita¬ 
tion (partly by themselves) of their food-plants and the incidence of 
their natural enemies. Chief among the latter were sundry species 
of insect parasites, which were unable to exterminate the beetles as 
they were themselves kept in check by their “hyper’’-parasites. 
This state of affairs is represented in Diagram A, Fig. 1, and is 
illustrated today in the biological status of certain insects in the 
eastern part of the island of Santo Domingo, paralleling pre-Co¬ 
lumbian days in Porto Rico. 

-With the upsetting of the “balance” by the cutting down of 
virgin vegetative formations and the planting of large areas under 
one crop, providence was made for an almost unlimited supply of 
food for the peNts, no account having been taken of a corresponding 
distribution of the plants favored by their parasites, with the result 
that the pests have been enabled to increase to such an extent that 
today their ravages are causing losses of millions of dollars to the 
world’s sugar-industry. The parasites were prevented from increas¬ 
ing in proportion to the pests owing to two powerful factors: (i) the 
restriction of their breeding places through the gradual disappearance 
of their food-plants, and (ii) the existence of their hyperparasites, 
which, being independent of the introduced artificial conditions, 
retained the same relative proportions to the parasite that they 
held before the change took place (Diagram B). It will thus be 
seen that any means by which the numbers of the parasites can be 
raised without a corresponding increase in the numbers of the hyper - 
parasites, will so enable the former to gain a temporary, or even 
permanent, ascendency over the latter, that a reduction in the numbers 
of the pest in direct ratio to such increase should follow (Diagram C). 

It frequently happens that a parasite can be brought in from 
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PLATE n.—VIEWS IN SEIBA PROVINCE, 
DOMINICAN REPUBLIC 



FIG. 2.—Normal condition; unfavorable to the ene¬ 
mies of canc pests: Miles of canes unbroken by 
bush or treeB. (Photo. H. H. Box) 



FIG. 3.—Unusual condition: favorable to the ene¬ 
mies of cane pests: In this instance virgin forest 
is (of necessity, not choice) left on a hill-slope 
not adaptable for growing cane. Small blocks of 
original growth left standing, while interfering 
in no way with cultivation methods, would greatly 
aid in cane-pest control as they would serve as 
sanctuaries for parasitic and predaceous enemies, 
particularly birds. (Photo. H. E. Box) 
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some other country (in which its benefits are limited through hyper- 
par asitiSm), which will prove comparatively immune to hyper¬ 
parasites in the country to which it is introduced, or even entirely 
free from their attack. Finding an unlimited amount of food- 
material for its progeny, in the form of the pest, and without external 
controlling factors, it can rapidly multiply until the decrease in 
the pest is the cause of its own gradual diminution in numbers. This 
was illustrated when Scolia manilae was brought in form the Philip¬ 
pine Islands to combat Anomala orientalis in Hawaii, and the effects 
of such introductions are represented in Diagram D. 

For'the successful control of insect pests by means of their natural 
enemies the two following points are to be observed: (i) if the 
pest is indigenous, raise the numbers of individuals of its indigenous 
parasites, and introduce others from abroad which will adapt them? 
selves to attacking it; (ii) if the pest is an accidental introduction, 
search for parasites in its native home, and introduce these with¬ 
out their hyperparasites. While we may feel reasonably sure that 
the control of at least one of our worst cane pests—the Moth 
Borer (Diatraea saceharalis, F.)—can be obtained by means of in¬ 
troduced parasites, it yet remains to be seen how far we can get 
if similar measures are brought into play-against the white grubs. 
The Winter believes that, with a capital expenditure of less than the 
annuar disbursements for five years in the Island upon the present, 
costly and ineffective collection of the adults, results could be made 
to follow after a few years’ steady work, and it must not be lost 
sight of that once a suitable parasite has been found and become 
established, the parasite can continue breeding upon the pest without 
further efforts on our part, whereas with other systems of control 
there is a continual charge to be made every year without cessation. 
Large-scale operations would be more expensive, though likely to 
produce better and more speedy results. 

INSECTS AND THEIR PROGENY 

Under the present caption may be mentioned certain formulae 
which the writer finds convenient to adopt for computing the progeny 
of insects in cases where it is known that such progeny are repre¬ 
sented by average figures or are constant for each female parent. 

If A and B are the numbers of females and males, respectively, 
produced by one female as her progeny, and the former produce 
similar numbers of offspring, assuming that there is no mortality 
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among them, or having discounted such mortality, manifestly the 
total female progeny, F, of N wasps will be N A a at the end of 
n generations, while the total number of males, M, will be represented 
by N A*^ 1 B; therefore the entire progeny, P, of N wasps at the end 
of the nth generation may be shown as follows: 

P*=F + M 

or P = N{ A“ + A" -1 .®). 

Where only a portion of the total progeny of each female reaches 
maturity, A and B in the above equation must be replaced by ( A — 
X) and (B — Y) respectively, where X and Y are’ the sums of the 
mortalities during the early slageN of each sex respectively. 

. The total progeny of both sexes produced by a given number, 
N, of females during n generations (including the nth) is calculated 
as follows: 

P = N [(A + B) + U 2 + AB) + (X 8 + A*B) + 

(A 4 + A 3 B) +.(A^ + A- 1 ®)] 

substituting ( A —X) and (B — Y) for A and B, respectively, where 
the mortality is taken into consideration. 

In the case of the Scoliid wasp parasites which form the subject 
of the present treatise, P, in the last equation, is equal to the total 
number of white-grubs killed by N parasites and their progeny up 
to and including the nth generation.. 

There have been under observation at Aguirre a number of indi¬ 
viduals of a wasp, Diclis infasciafa, F., parasitic on the sugar-cane 
grub LacTmosterna portoricensts f Smyth, and from data based upon 
rearing four successive generations of these parasities we can assume 
the factor A in the above equations to be 4, while B may be considered 
equivalent to 8. These figures are quite reasonable, for many of 
our egg-laying females have produced up to 15 females and 30 males 
as their progeny, and half of each of these numbers would still be 
a conservative average. Bach individual wasp requires to consume 
one grub for its development to the adult form. 

From the foregoing, we can see that at the end of one year, on 
a basis of six weeks per generation, the female progeny of each 
individual female should be 

4 8 == 65,536, 

while the total number of grubs killed (or total offspring of the 
original female) during the eight generations, would be, 




PORTO SLOAN CANE-GRUBS AND THEIR NATURAL ENEMIES 207 


(4 + 8 ) + (16 + 32) + (64 + 128) + (256 + 512) + (1,024 4- 
2,048) + (4,096 4- 8,192) + (16,384 -j- 32,768) + (65,586 
4- 131,072) 

= 12 4 - 48 + 192 4 - 768 4 - 3,072 4 - 32,288 4 - 49,152 4 - 196,608 
= 262,140. 

In nature, of course, the progression is far from even, as there 
are many outside factors which come into play, causing a fluctuation 
in the progeny of one generation from that previous to it. Also, 
complicated mortality factors must be taken into consideration, these 
being governed by climatic conditions, prevalence or non-prevalenc* 
ol natural enemies, and the fact that every female is not certain to 
find food for her progeny. Nevertheless the formulae given above, 
which apply more or less equally to either pest or parasite, serve to 
demonstrate the rapidity with which-an insect can spread if there is 
nothing to check it. With certain injurious insects, e. g., the Aphids, 
the factor P would probably run into hundreds of millions at the end 
of one year if every individual developed and each female was able 
to oviposit al her full capacity. All epidemics of animal or vegetable 
organisms can be explained by means of formula 1 similar to the 
above examples, where a geometrical progression occurs.. 

U\B1TS AND lilPE-HISTOBIES OP LAMELLIOORN BEETLES 

T»re is very little variation in the general mode of life among 
of various species of Lamellieomia, although of course geographical, 
climatic, and biological factors cause greater or lesser divergences 
from the normal habits of the various species, and in the periods of 
their life-cycles. Roughly, the species in which we are interested 
may be divided into two groups: (i) those whose larvae feed upon 
the growing root-systems of living plants, and (ii) those whose larva? 
feed upon injured and decaying plant tissue and other vegetable 
matter; in Porto Rico these groups coincide with the two families 
Melolonthidae and Dynastidae respectively. The following account 
of the life-history applies to a typical Melolonthid: 

The beetles fly at night, and mating and opposition‘are carried 
on after dark; the eggs are laid singly in the soil, sometimes near 
the surface, but often at a depth of a foot or even more, but 
invariably in close proximity to the roots of such plants as the laiArae 
will feed upon. Each egg is enclosecPin an earthen cell constructed 
around it by the parent female in such manner that its minimum 
surface comes into actual contact with the sorrounding soil, and 
with sufficient room to allow for an expansion which takes place in 
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the dimensions of the egg. The egg hatches about two weds after 
being laid, and from it there emerges the larva, or “white grub” 
as it is called, which for the first part of its existence sustains 
itself upon the humus present in the soil. During the larval period 
there are three distinct stages, or instars, each terminating in a 
complete eodysis, or casting of the skin. The first instar occupies 
about five weeks, the second instar about eight weeks, while the third 
and final instar requires about six months; it is during the third 
instar that the grub does the greatest amount of damage. The 
grub at this stage is white and soft-bodied, except for the head and 
legs, which are composed of hardened chitiru, and are dark reddish- 
yellow in color; the body is more or less covered with numerous 
setae, or short bristles, the arrangement of which, especially in the 
pygidial region at the posterior end of the abdomen, is characteristic 
of the species. The body is curved and appears to l>e heaviest 
behind, so that the grab can only with difficulty walk with its legs; 
it is almost helpless unless surrounded by soil. (In this respect the 
Porto Rican Melolonthids differ from the Dynastids, whose larvae are 
able tA' crawl at quite a good pace, even upon smooth surges.) 
“When fully fed, the larva digs deeply into the ground and constructs 
an oval cell around itself, within the protection of which it rests 
awhile, later changing to the pupal stage, which occupies about three 
weeks; it is during the pupal stage that the organs of flight and the 
organs of reproduction are developed. At the end of the pupal period 
the insect undergoes another eedysis, the adult beetle emerging from 
the membranous pupal shell. Adults frequently remain within the 
cell underground for several weeks before coming to the surface to 
carry on the propagation of the species. In the majority of cases, 
the life-cycle of the Melolonthids occupies nine or ten months, there 
being one generation annually, but many of the Dynastids, on the other 
hand, finish their entire development within three months while some 
foreign species need three years for their complete metamorphosis. A 
knowledge of the details of the life-cycle, and especially of the seasonal 
distribution, of each species is absolutely essential before its biological 
control can be accomplished, and fortunately, in Porto Rico we have 
available the results of the studies of these subjects made by Mr. 
Eugene G. Smyth, one of the entomologists attached to the Rio 
Piedras experiment station in the early days of its establishment. 

The habits of the adult Lamellieorns show considerable variation 
in different countries, but it may be stated that in general those of 
the Melolonthidae feed upon the foliage of certain trees, while those 
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of the Dynastidae prefer succulent Stalks of plants, e. g., sugar-cane 
o'r decaying plant tissues. During the hours of daylight the adults 
are to be found underground, and a habit characteristic of the Porto 
Bican Melolonthids of the genus Lachnosterna is that of congregating 
in numbers in the soil at the base of wooden posts, trees, etc. Positive 
phototropism is shown by nearly all species, but generally the 
Dynastids are more readily attracted to artificial light than are 
the Melolonthids. During hours of daylight a negative phototropism 
is exhibited, with a pronounced tendency to positive geotropism. 

THE Sl'G VR-CANE WHITE GRUBS OP PORTO BIOO 

The Lamellicorn beetles whose larvae attack sugar-cane iu Porto 
Rico may be conveniently classified as follow; 

A. Melouinthioak : 

3. Lachnosterna * portoricensis, Smyth 

2. Lachnosterna vanddnei, Smyth 

3. Lachnosterna guanicana, Smyth 

4. Phytalus** apicalis, Blanctiard (=I\ insular is, 

Smyth) 

B. Dynastidae: 

5. Strataegus titanvs, Fabrieius 

6. Ligyrus tumulosus, Burmeister 

. DISCUSSION OP THE PORTO RICAN CANE-GRUBS 

In file following, the dimensions and periods of the life-cycles 
have been taken from Mr. Smyth’s publications 

3. Lachnosterna portoricensis, Smyth 

Dimensions in millimeters: 


Adult_ 17-23 

Egg_ 3.0X3.75 

Larva, 1st in star_ 6-18 

Larva, 2nd instar_ 18-30 

Larva, 3rd instnr- 30-48 


Pupa_ 25-29 X 11-13.5 

* The generic name Lachnosterna is adopted throughout this paper in preference to 
PhyUophaga on the authority of Mr. G J. Arrow, an expert on the group. Mr. Arrow states 
(Bull. flnt. Research, XI, 1920, p. 186). 4 

“In reeent American works on this group of beetles the generic name PhyUophaga has 
been adopted. This name was introduced by Harris in 1820. . . . It is, however, a 
nomen nudum, accompanied by no description, and is therefore upon the pyt footing as 
the numerous catalogue names printed by dealers and others, to which obvfously no scien¬ 
tific value can be attached.” 

Messrs. G. W. Leng and A. Mutchler, of the American Museum of Natural History, 
employ the name Laehnostema in their standard Catalogue of Welt Indian Ooleoptera (Bull. 
Amer. Mus. Nat Hist., XXXIII, Art. XXX, 1914, p. 440). 

** Mr. Arrow (ibid) Includes Phytdlus in Lachnosterna, and gives good reasons for do¬ 
ing so, but in the present paper the writer prefers to use a nomenclature conforming to 
the American catalogue above referred to. (Messrs. Leng and Mutchler separate the two 
genera, and include apiedHs, Blanch, in Phytalus.) 
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This species is found all over the eastern part of Porto Rico on both 
north and south coasts, and in the interior; its most westerly limit 
appears to be near Ponce on the south coast. It is the one causing 
the greatest actual loss to the Island's cane industry, and the one 
against which the greatest effort has to be made at control. 

The natural enemies of L. portoricensis are chiefly predators, 
among which birds, lizards, and carnivorous beetles are the most 
useful. Two parasites, both of them flies (Diptera) of the family 
Tachinidae, attack the adult in the moister parts of the Tsland; these 
flies are Cryptomeigenia aurtfascies , Walton, and Euirixoides jorum , 
Walton. Another fly, Sarcophaga robusta , Aldrich, has been bred 
from the grubs of L. portoricensis; this parasite also attacks cater¬ 
pillars, grasshoppers, and occasionally the clianga (Scapteriscus 
vicinus f Seudd.) Hitherto no wasp parasites of the larva have been 
known to occur in Porto Rico, but the writer has been able to demon¬ 
strate that the third-instar grubs are the host of the Scoliid wasp 
Dielis* infusciata , F., and are also liable to attack by D . dorsata , 
F. and D. pyrura Roll. The second-instar grubs have been ^ound to 
serve as host for another Scoliid, Elis jranlhonotus, Roh., but it is 
not known for certain whether they are normal host of that parasite. 
It is not improbable that L. portoricensis is the host of Elis ephippium, 
F., a wasp closely related to E. jranthonotvs. 



Maximum 

Minimum 

Average 

Life-cycle in dnyg: 




HgK stage- 

- 15 

12 

13.5 

Lana, 1st instni_ 

_ 40 

26 

32 

Larva, 2nd mstar _ 

_ 93 

43 

61 

Larva, 3rd mstar__ 

174 

164 

169 

Pupa stage_ 

- 23 

20 

21.5 

Total life cycle, from egg 



to adult_ 

345 

265 

297 

2. Lavhnosierna 

vandinei, Smyth 


Dimensions in millimeters: 




Adult_ 


17- 

-22 

EgR —-- 


- 2. 97 X 1. 7 

Larva, 1st inHtar 


6- 

-17 


Larva, 2nd instar_ 10-28 

Larva, 3rd ins tar_ 27-45 

Pupa- 23-27 X 10-12 

L. vandinei is the analogue in the west of Porto Rico to L. porto¬ 
ricensis in the east, and is responsible for considerable damage to 


* See footnote on page 85 
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sugar-cane on properties situated between Mayagiiez and Ponce. 
Nothing has been recorded in Porto Rican literature as to its larval 
parasites, but the writer believes that these, as well as the parasites 
ot the adult and the predaceous enemies, are the same as those of 
L. porloricen&ix. 


Maximum Minimum Average 

Life-cycle m days: 

Egg stage_ 16 10 14 

Larva, 1st instar_ 69 17 36.5 

Larva, 2nd instai_ 103 26 47 

Larva, 3rd instar_ 226 78 183 

Pupa stage_ _ _ 26 17 21.6 


Total life-cycle, from egg 
to adult_ 430 348 - 302 


3. Lachnosterwa guanicana , Smyth 
Dimensions in millimeters: 


Adult_ 13-17 

Egg___ 2.05X1.2 

Larva, 1st instar_ 4.5-12 

Larva, 2nd instar_ 12-20 

Larva, 3rd inHtar_ 20-32 

Pupa_ 18 X 7. 9 


TMs species, as its specific name implies, is distributed around 
I he Gmanica section, where it was estimated by Mr. Smyth to be 
one-tentli as abundant as Jj. vandinci. It parasitic enemies, if any, 
are unknown, but it is probable that it is attacked by the same 
predators that assist in controlling L. portorivensis and L. va)*dinei. 
There is some suggestion, in the writer’s opinion, that this grub is 
the host of a species of Tiphia which has been found in the Guanica 
district. 

Lach-nosterna gvanicana is almost identical in size with a Bar¬ 
badian Melolonthid, Phxjtalus smithi , Arrow, and there can be little 
doubt that it should lend itself to control by a Scoliid wasp, Tiphia 
parallela , Hm., which keeps down the numbers of P . smithi in Bar¬ 
bados. 



Maximum 

Minimum 

Average 

Life-cycle in days: 




Egg stage- 

_ 19 

11 

/ 13.5 

Larva, 1st instar _ 

- .35 

13 

24 

Larva, 2nd instar.. 

_ 39 

23 • 

31 

Larva, 3rd instar _ 

_ 221 

138 

178 

Pupa stage- 

-(22) 

(22) 

(22) 

Total life-cycle, 

from egg 



to adult- 

. 336 

20" 

268.5 
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4. Phytalus apicaUs, Blanchard ( insularis, Smyth) 
Dimensions in millimeters: 

Adult_ 0.5-11. 5 

Egg_ 1.45X0.90 

Larva, 1st instar_ 3. 5-8 

Larva, 2nd in star- 8-14 

Larva, 3rd instar_ 14-22 

Pupa_ 9X11 

The adult of P. apiealis is commonly called the “Little May- 
Beetle”, and is the smallest of the Porto Bican' Melolonthids. It 
will be seen that in size the mature grub of this species is similar to 
the average 2nd-instar grub of either L . portoricensis or L. vandinei , 
with which it can readily be confused. Mr Smyth records the 
following differences in the dimensions of the head in these grubs: 


Width ot head in 2nd instar L. portoricensis _3.45 mni. 

Width of head in 2nd-mstar L. vandinei _3. 32 mm. 

Width of head in 3rd-instar L. apicahs _2. 6.1 mm. 


Phytalus apiealis is distributed all over Porto Rico, and iflfrlarvae 
often occur in company with those of tin* larger Melolonthids. Mr. 
Smyth states that this species is less common in the Gu&nica district 
than L t vandind, but on the region of the south coast familiar to 
the writer, extending from near Fortuna to Guayama, it is the 
eommonest species, being on an average two or three times as abundant 
as L. portoricensis . Owing to its small size, Phytalus apiealis is 
not generally reckoned as being of great importance as a cane pest, 
but ? on the south coast its # dimensions are amply compensated for 
by its great numbers, ranking the species as one of decided economic 
importance. 

In addition to the usual predators, Phytalus apiealis is attacked 
in Porto Rico by the Scoliid Eli$ haemorrhoidalis , F.; mortality 
through this agency sometimes amounts to as high as 65 per cent 
The wasp is controlled by a hyperparasite, Anthrax gorqou , F. 
(Bombyliidae). 


j-eycle in days: 

Maximum 

Minimum 

Average 

Egg stage- 

_ 12 

10.5 

11.5 

Larva, 1st in star_ 

_ 39.5 

21.5 

30 

Larva, 2nd instar_ 

Larva, 3r*d instar_ 

_ 54 

37 

45. 25 

_ 197 

191.5 

194. 25 

Pupa stage_ 

-(20) 

(20) 

(20) 

Total life-cycle, from 
to adult_ 

egg 

_ 322.5 

280.5 

301 
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5. Strataegus titanus, Fabricius 
Dimensions in millimeters: 

Adult_ 35-45 

Egg_3-4. 5X3.5-5. 2 

Larva, 1st instar_ 8-25 

Larva, 2nd instar_-_... 25-45 

Larva, 3rd instar_ 45-70 

Pupa_ 30 X 40 

The adult of this species is known as the “Sugar-cane Rhinoceros 
Beetle”, on account of the fact that the head of the adult male is 
provided with a short up-turned “horn”, suggesting that of the 
animal after which it is named. Another species (8. quadrifoveatus, 
P. de B.) occurs in Porto Rico, which seldom if ever is found in 
canefields, confining its attack for the most part to coconut palmfe. 
8. titanus normally feeds in decayed or decaying tree trunks, but 
owing to the rapid deforestation of the southern part of the Island, 
8. titanus has adapted itself to a diet of sugar cane, upon the subter¬ 
ranean portions of which its larvae feed. It is open to doubt whether 
perfectly healthy cane-stools arc attacked by Strataegus, it being 
more probable that this insect follows on after the stools have been 
injured by either Lachnostcrna or Phytahis, or by lack of moisture. 
Tll| fact remains, however, that one maturing larva of 8. titanus 
can completely ruin a cane-stool, necessitating its replanting, and the 
species should consequently be regarded as one of the major sugar¬ 
cane pests of Porto Rico. In several instances the writer has found 
as many as five fully grown larvae of 8. titanus in one stool of cane 
in heavily attacked localities. 

No insect parasites have been recorded as attacking Strataegus 
Utanus in Porto Rico, but Mr. G. N, Wolcott remarks that the rare 
black wasp Dielis atrata, F.,* on account of its large size, cannot 
have any host of sufficient size for its development other than the 
species of Strataegus, an observation that has now been confirmed 
experimentally by the writer by means of living D. atrata brought 
m from Santo Domingo; it has been found that thesfe wasps readily 
parasitize the third-instar larvae of 8. titanus, and therefore should 
be regarded as very desirable to firmly establish in this island, whibh 
can be accomplished by means of introductions of the wasp id large 
numbers from the Dominican Republic, followed on by breeding 
work this end. 

Mr. Smyth states, with reference to 8. titanus, that— 


* See footnote on page 91 
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"Besides Porto Rico, this beetle has been recorded as occurring in Cuba, 
Jamaica and the Virgin Islands. It has also been collected in Vieques and in 
Santo Domingo." . 

The writer was not able to ascertain which species of Strataegm 
(for there are several) is the normal host of Dielis at rata in Santo 
Domingo, but 8. tit arms was collected in the same localities where 
D. atrata was found. 


Life-cycle in days: 

Maximum 

Minimum 

Average 

Egg stage- 

..— 21 

15 

17 

Larva, 1st instai . 

.—.. 72 

24 

40.5 

Larva, 2nd in star _ 

-- 85 

43 

72 

Larva, ,3rd instar _ 

- 282 

137 

199 

Pupa stage_ 

- 29 

22 

24 

Total life-cycle, 
to adult_ 

from egg 
_ 289 

241 

352.5 


6. Ligyrus tumulosus, Burmeister 

This Dynastid, although not actually a serious pest of sugar-cane, 
is deserving of inclusion here, owing to its inter-relations with retain 
parasites of the noxious species of Lack nosterna. 

The adult, which may he known as the “Rough Black Hardback", 
occurs commonly, though seldom abundantly, throughout the year, 
the species having a short life-cycle (see below 1, with three or four 
generations annually. The eggs are deposited in soil rich in or¬ 
ganic matter, or in stable manure, upon the humus of which all 
stages of the larvae fet'd, although the more mature grubs will 
consume tliV decaying portions of old cane stools, rotten wood, etc., 
and are sometimes so abundant in the old stools left in the “banks" 
between the rows of growing canes that damage to the crop is 
frequently—though seldom correctly—attributed to them. Under 
exceptional conditions, such as periods of extended drought. the 
grubs are driven to attack the underground portions of growing 
canes, owing to the absence of other moisture-bearing food, but such 
occurrences arc so rare that no special control efforts are necessary 
against L. tumulosus in Porto Rico. It frequently happens that 
laborers are encouraged to collect the grubs of this species, l>eiug paid 
for them at the same rate as if they were Lachnosterna; planters 
should learn to distinguish between the harmful Lachnosterna and the 
comparatively harmless Ligyrus, as considerable sums of money could 
thereby be saved, or better still, devoted to more useful methods of 
insect control work. 

Ligyrus tumulosus occurs commonly in the island of Barbados, 
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uAd the writer found some examples* of what appear to be this 
species at Central Romans in the Dominican Republic. 

In Porto Rico, as well as in Barbados, the third-instar grubs of 
L. tumulosus are very heavily parasitized by the Scoliid Dielis 
dor sat a, F., a wasp that also occurs in Brazil and the Guianas, in 
which countries it attacks specie's of Ligyrus (L. ebenus, Burm. and 
L. gyas, Er.). In Porto Rico D. dorsata is so abundant that it would 
surely be able to exterminate IAgyrus were it not itself heavily 
hyperparasitized by certain flies, chief among which is the Bombyliid 
Anthrax lucifer, F., in spite of which, however, the wasp succeeds 
in periodically reducing the numbers of Ligyrus grubs in each locality 
to almost the zero point. 


Life-cycle in days: Averse 

Egg st£*ge_18 

Larva, 1st inptar_13 

Larva, 2nd instar_15 

Larva, 3rd instar_ 27 

Pupa stage_14 

Total life-cycle, from egg to adult_82 


Two other Dvnastids —Dyscwetus barbatus, F. and 7). trachypygus, 
Bnm t >^occur in Porto Rico, but neither of them Seems to be associated 
to any groat extent with the sugar-cane crop of the Island; the 
larvae of D. trachypygus, however, have been recorded by Mr. Smyth 
as damaging cane roots. The species are worthy of mention, however, 
as in British Guiana others of the same genus (D. geminatus, F. 
and D. bidentatvs, Burm.) act as hosts of Tiphia parallela, a wasp 
that it is very desirable to introduce into Porto Rico, and for the 
establishment of which the grubs of the native species of Dyscinetus 
might very well serve. 

SEASON A I. DISTRIBUTION OF PORTO RICAN M EDO! A) NTHID AE 

A glance at Fig. 2 will serve to show how the variotis stages of 
Laclinostcrna are distributed throughout the year. The adults 
\cacu}08) commence to appear in numbers early in April, and con¬ 
tinue to occur abundantly until towards the end of August, being 
most abundant in June and July. There are, however, always a few 

* These have since been sent to the Imperial Bureau of Entomology, London, and, 
though not specifically determined, were found to be distinct from the Porto Bican L. 
tumx4o9Vf 
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FIG. 1.—Seasonal Distribution of Porto Bican Melolonthldae. (Del. D. Wilson) 
(Note The thickness of the bar denotes relative abundance ) 
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“stragglers” which remain until sometimes as late as January. The 
first-instar grubs are consequently most often met with in the cane- 
fields from the middle of April until early in September, while the 
second-instar larvae are seldom found before the first weeks of May, 
continuing to be common until early in October. The destructive 
tnird-instar grubs commence to make their appearance during August, 
reaching their maximum abundance from November until February, 
gradually diminishing in numbers until in June and July very few 
can be found. It will be seen that the period of the maximum 
abundance of the third-instar, the stage most responsible for damage 
10 the crop, coincides with the most critical stage in the growth of 
late primavera cane, which generally suffers more from grub attack 
than does gran cultura. Tt is not yet known why caculos select 
certain fields for egg laying, but it is reasonable to suppose that 
the chief factors concerned are (i) the proximity of trees upon the 
foliage of which the adults feed, and (ii) the height of the cane, for 
they do not appear to oviposit to any great extent in fields of canes 
over three feet in height. 

THE CONTROL OP CANE-GRUBS IN PORTO RIOO 

Since 1911 the problem of the control of cane-grubs has constantly 
received the attention of the entomologists of the Experiment 
Stations in Porto Rico. Through the failure to obtain results with 
certain wateps that were introduced from the United States way back 
in 1911 and 1913,* this line, which the writer considers the most 
promising angle of attack against the pest, has been practically 
abandoned, and attention turned to the possibilities of effecting the 
control of white grubs by means of fumigants applied to the soil. 
Mr. Wolcott has experimented in detail with several promising 
substances, including carbon bisulphide and its emulsion, calcium 
cyanamide, and para-dichlorobenzcne (P.D.B.), none of which gave 
tlie desired results, or, doing so, were found too expensive to apply 
upon a plantation scale. At Aguirre the writer has experimented 
with P.D.B. and also “Oyanogas” (calcium cyanide 1 ), a sample of 
the latter product being received from the American Cyaftamid 
Company, 511 Fifth Avenue, New York City. The experiments were 
carried out in heavily infested B.H. 10(12) gran cultura cane in 
which an average of thirty-five grubs occurred around each stool. 


* See pages 100-101. 
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It was found that either of the substances tried was effective in 
killing up to eighty-five per cent of the grubs when applied at the 
rate of one ounce per stool, the chemical being lightly scattered 
over the soil for a radius of nine inches from the center of each 
stool; the soil was slightly broken both before and after the chemical 
was applied, and the application was followed by a moistening of 
the soil with irrigation water. The results obtained suggest the 
desirability of further trials on properties where fumigation is con¬ 
sidered likely to prove a practicable proposition. 

No doubt, where large numbers of grubs occur in limited areas, 
some method such as the above might be found economical, but the 
expenses should be chargeable to the immediate crop of the areas 
so treated. 

For the control of white-grubs where they occur over wide areas, 
other means must be found more practicable, especially to the small 
farmer, and in consequence, the only attempts that are now being 
made at control are the collection of grubs when fields ar^being 
ploughed, and the collection of adult beetles during the epochs of 
their maximum abundance and even these oparations cannot be 
said to be done upon anything like a satisfactory scale, partly owing 
to the independence of the laboring classes in many districts, but 
also due to a spirit of laissez-faire prevailing among many elements 
of the planting community. 

On thc # larger properties, especially upon the south coast, the work 
of collecting cavulos is included in the regular routine operations of 
the field administration, but even so the collections are made in¬ 
termittently and inore or less at random, no really systematic 
campaign being considered practicable under existing conditions. 

Mr. E. If. Barrow points out in a recent publication that the 
administration of one of the larger concerns operating on the south 
of Porto Rico spent approximately $15,000 upon some six million 
grubs and four million adults of Lachnosterna during the five yearfc 
1919 to 19213 inclusive. Such collections, although aparently large, 
represent no more than a “drop out of the bucket”. Though a cer¬ 
tain amount of good must necessarily follow, it is felt that such is out 
of all proportion to its cost. To obtain any real benefits through a 
reduction in the annual status of the pest, the collections should be 
carried out upon a much larger scale than they are at present, and 
over large areas simultaneously. 
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To be economical, when a continuous annual (as contrasted with 
a capital) expenditure upon insect-pest control is made, such should 
at least be equal to the benefits obtained the next year; otherwise 
there is an actual loss through the transaction. With sugar at, say, 
five cents, the expenditure quoted above represents an equivalent 
value to approximately 1,350 tons of cane; that is to say, the 
destruction of two million Lachnosterna annually should have caused 
a saving of 270 tons of cane each following year to justify its cost, 
v.hich we venture to doubt was actually the case. 

For comparison it may be of interest to record that when the 
canefields of Mauritius were seriously threatened some years ago 
through the ravages of Pliy talus xmithi, a Melolonthid that was 
iiecidentaly introduced into that Island from Barbados, the Govern¬ 
ment issued an order in 1915, which reads: 

“plant disease psoolamation (ajjendmint) 

“It shall he lawful for the Director of Agriculture, when the numbers of 
beetle 1 aie in gieat abundance, to require any proprietor, manager, or lessee of 
land to furnish, for collection of insects Upon their lands, one-third of the total 
number of their engaged labourers per night; and if these labourers are not fur¬ 
nished an equivalent uumbci of men may be employed by the Director of Agri- 
cultuie and the charge made against the proprietor, manager or lessee.’’ 

' As a result of this somewhat stringent (though necessary) 
measure, the following numbers of adult Phytalus were obtained: 


1915- 16 

1916- 17 

1917- 18 

1918- 19 

1919- 20 


12,511,241 
72, 292,689 
70,035, 663 
71,119, 278 
30, 969, 504 


Total, 1915-20__ 286,928, 375 

The writer considers that unless results like the above can be 
accomplished by hand collection, a far greater value could be obtained 
fiom money spent upon cane-pest control were sueh sums devoted 
1o fostering and advancing the status of the native parasites of the 
Island, and in securing other species of these useful insects from 
abroad. 

NATURAL ENEMIES OF CANE-GRUBS IN PORTO RICO 

A. Predators. 

Although it would be difficult to artificially increase the numliers 
of the insect predators of Lamellicorn larva*, a knowledge of them 
and of their habits is of the greatest importance. 
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The most useful and generally distributed predator upon white- 
grubs in Porto Rico is undoubtedly the Elaterid beetle, Pyroqjiorus 
luminosus, F., known as the “cucubano”, the elongated yellow larva 
of which can be found in nearly all fields where grubs occur, feeding 
upon them in all their stages. The writer had one of these carni¬ 
vorous larvae kept in captivity and during one week it destroyed 
twenty-five full grown Lachnottema grubs, and it has been recorded 
that in Queensland a larva of the Elaterid Agrypmu masiersi, 
Pascoe, killed and consumed 230 cane-grubs in 17 months. 

It is a matter for regret that on many sugar Estates in Porto 
Rico no discrimination is made between this useful insect and the 
grubs which it destroys, although it in no way resembles a white 
grub, for numbers of cucubamos are collected by the boys who search 
for grubs and are paid for at the same rates as the latter. Unless 
laborers (and those of higher responsability, too) can be taught not 
to destroy such beneficial insects at these beetle larvae, it would be 
better not to do any collecting at all, for more harm is done than 
good. Owing to their rapid movements, it seldom happens that^jhese 
Elaterid larvae fall prey to blackbirds, which in any case would 
probably reject such unsavory morsels.* 

The larvae of the carnivorous Carabid beetle, Calosoma altermns, 
F., rank next m importance, but they are not so frequently seen as 
those of Pyrophorus. 

An Asilid fly, whose larva is also carnivorous, is reputed to attack 
white-grubs in Porto Rico; the writer has met with it upon two 
Occasions in grub-infested oane-ficlds near Aguirre. These large 
Diptera are of some importance in the United States, as controlling 
agents of Lachnosterna, but in Porto Rico their value seems almost 
negligible. 

Vertebrate enemies of cane-grubs include birds, of which the 
most important as a controlling agent is the Porto Rican Blackbird 
(Holoquiscahis lugubris, Casein), large numbers of which follow 
p’oughiug machines, picking up any grubs that are exposed; by 
examining fields at ploughing time, however, one finds that numbers 
of the grubs escape, and a fair percentage of those collected by 
the birds were already killed or injured by the machines passing 
over them. 

Mr. Alex. Wetmore, in his excellent treatise, “The Birds of Porto 

* Mr. Wetmore records no instance where Pyrophonu was fonnd in the stomach-con¬ 
tents of Porto Bican birds, even when the latter had been feeding in fields heavily infested 
with cane-grubs, and where in all probability the Elaterids occurred in numbers 
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Rico”, makes the following observation, worthy of attention: ‘‘That 
birds need shelter as well as protection will not be questioned, and 
owners of plantations should look carefully to providing this if it is 
not already present. A long level stretch of cane or tobacco, with 
not a tree or other obstruction to break its continuity, while a 
pleasing sight to the agriculturist, offers little encouragement to 
the bird in search of shelter and food. A similar Btretch of culti¬ 
vated land, with lines of symmetrical royal palms or coconuts along 
roadways and dense clumps of graceful bamboos adorning the borders 
of streams, while not losing an iota of its productiveness, will gain 
an esthetic charm and beauty and provide an attractive feeding 
ground for birds which will more than repay the owner in the 
great numbers of injurious insects they consume.” The writer is 
strongly advocating the planting of more royal palms in certain 
haciendas of the Aguirre properties, as the crowns of these trees are 
the favorite nesting sites for blackbirds, and it is believed that an 
increase in the numbers of palms will in time lead to the augmenta¬ 
tion of the numbers of these useful birds. 

Lizards exert an influence upon the status of the grub pest, and 
Mr. ^Wolcott records two species, Ametva exsul, Cope and Anohs 
cristatylus, Dum. & Bib., as being known to consume Lamellicornia 
iu Porto Rico. Among the reptile class, however, the island sadly 
needs toads, to which Mr. Wolcott draws attention in the following 
words: ‘‘Although the small tree-toads or cqquts are abundant in 
Porto Rico, there are no large nocturnal native toads large enough 
to cat May beetles. Such large toads are found in most of the other 
West Indies and on the mainland, and keep the number of May 
Beetles and their larvae, the white-grubs, so reduced that they are 
seldom pests of cultivated crops.” From time to time importations 
of small numbers of toads into Porto Rico have been made; it is 
hoped that these will breed, and in any case it is desirable to sup¬ 
plement their numbers by obtaining further supplies .from Santo 
Domingo and elsewhere, in order that each plantation can have its 
own place for rearing them artificially for distribution, small 
“toaderies” being established here and there throughout the prop¬ 
erties. The importation and establishment of toads should be under¬ 
taken by the sugar-cane growers of Porto Rico as their first measure 
in any campaign against Lachnosterna by means of its natural 
enemies. 
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B. Parasites. 

In addition to a mortality due to attack by parasitic fungi and 
bacterial diseases, the larval and adult stages of the Lamellicornia 
succumb to a variety of insect parasites, both internal and external 
in habit. Several species of these parasites are known to occur in 
Porto Rico, but none of them, for reasons already explained, are 
sufficiently abundant to effect any marked control oyer the Melo- 
lonthidae and Dynastidae that attack sugar-cane. 

Apart from the wasp-parasites about to be dealt with in detail, 
there are a variety of fly-parasites upon both larvae and adults of 
the Melolouthidae, and some of these might well be introduced into 
Porto Rico to assist the two species (Cryptomeigenia aurifascies, 
Walton and Eutriroides jonesii, Walton) already occurring here. 
Owing to the mode of life of these flies* and the difficulties attendant 
upon their propagation by artificial means, large numbers would 
have to be introduced to effect the establishment of foreign fonts. 

The most important and generally effective enemies of the 
T nmellicornia in all parts of the world are the “digger-wasps” of 
the family Scoliidae, which prey upon the beetle larvae, and it is 
through their agency that the writer believes the control of Porto 
Rican cane-grubs will ultimately be obtained. 

THE DIGGER WASPS (SCOLIIDAE) 

The family consists of a large number of fossorial Ilymenoptera 
which are exclusively parasitic upon the larvae of Lamellicorn beetles, 
tnd when one has become familiar with their general aspect, these 
wasps can readily be distinguished from all other kinds. The 
characteiistic feature of the Scoliidae is the presence of a constriction 
at the junction of the (apparently) first and second abdominal 
segments. The females differ considerably from the males both in 
dimensions and in coloration, some species of Scoliids, e.g., Dielis 
dorsata, F., being sexually dimorphic. The females are stout-bodied 
wasps, the body being broadest at the posterior end of the thorax 
and the middle of the abdominal region; the legs are rather short, 
thickset, and are covered with a heavy armature of short spines 
which aid the wasp in its digging operations; many parts of the 
body are covered with a thick velvety pubescence. The males, on 
the other hand, are slender and are without the conspicuous spines 
upon .the limbs; they are easily distinguished from the females bv 

* These flies oviposit upon the exposed part of the body of the beetle, when its wings 
are expanded during flight after dark. 1 1 
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the length of their antennae, which generally equal nearly the length 
of the body, whereas those of the females are quite short, scarcely 
equalling the length of the head. In size the Scoliids vary from 
barely three quarters of an inch in wing expanse (Tiphia, etc.) to 
those with a span exceeding three inches ( Dielis atrata) ; the majority, 
however, have a wing spread of between an inch and an inch and a 
half. There is considerable variation in color among the different 
species, some being entirely black, others black with yellow bars across 
the thoracic and abdominal segments, while not a few of them have 
clearly defined portions showing bright red, due to pigmentation of 
either the integument or of the pubescence, or both. The wings of 
some species are, pigmented to show blue or purple reflections when 
viewed in certain lights, being transparent white or yellow, or trans¬ 
lucent blackish (“smoky”), by transmitted light; many species have 
wings without these iridescent reflections. 

The family includes several thousand species distributed in all 
parts of the world, the number of species in any locality being more 
or less in proportion to those of the Lamellicornia upon which they 
breed! Dr. F. X. Williams, an authority upon the group, remarks 
that .the diversity in the Lamellicorn fauna of any district serves 
as an index to the Seoliidae likely to occur there. Many of these 
wasps parasitize grubs of little or no economic importance, but, on 
the other hand, large numbers of potential pests are kept entirely 
under control ( through their agency. Some of the Scoliids specialize 
upon one particular species of grub, while others are not so discrimi¬ 
nating, having a wide range of hosts. A typical example of the latter 
type is Tiphia parallela, which attacks the Melolonthid Phytalus 
smithi in Barbados and species of Dynastids (Dyscinetus, etc.) in 
South America. These naturally adaptable species are on the whole 
more likely to prove useful to Porto Rico than the more specialized 
types, although some of the latter, when deprived of their normal 
hosts, will turn their attention to other Species of grubet.' An example 
of this kind is Dielis dorsata, which formally parasitizes the Dynastid 
Ligyrus tumulosus, but which will work upon such Melolonthids as 
Lachnosterna in the absence of Ligyrus. 

The Seoliidae consist of several genera, of which Dielis, Elis, and 
Tiphia are the most likely to include species which may prove bene- 
f'cial to Porto Rico. 
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HABITS AND LIFE-HISTORY OF THE SCOLUDAE 

During the early hours of sunshine, from about eight o’clock 
until eleven o’clock in the morning, the females can be seen refresh* 
ing themselves with the nectar of certain flowers*. At mid-day they 
disappear underground, where they search for their prey. The 
males, on the other hand, can generally be found above ground at 
all hours of the day, flying with a series of rapid zig-zag motions 
in the vicinity of place's favored by their mates, settling now 
and then to imbibe the nectar from wild flowers. A very curious 
habit exhibited by the males of some genera of Seoliidae is that of 
congregating together in large numbers towards the late afternoon 
upon the stems and leaves of wild vegetation; sometimes the males 
of the common Dielis dorsata can be seen in hundreds upon the 
leaves of the iron-weed or escovilUi (Sida carpinifolia, L.) that 
abounds in the vicinity of canefields, while those of Elis haemorrhoid- 
aiis, another common Scoliid, may sometimes be seen in large chillers 
resting upon the leaves and flowering spikes of the pigweed or bledo 
(Amaranthus spp.). In Santo Domingo the writer has seen the 
branches of young gu&cimas ( Guazuma guazuma, L.) hanging low 
with the weight of thirty or forty males of the large black Dielis 
atrata. Dr. Williams remarks “They may assume odd positions on 
these weeds, which they grip with their jaws and legs or with the 
jaws only”. The writer thinks that the habit may be some sort of 
response to the Social instinct derived from their ancestors. 

The life-history of-the Scoliidae constitutes one of the most inter¬ 
esting phases of Insect Life, and its study is fascinating in the 
extreme. 

The female Scoliid would appear to possess extremely powerful 
olfactory and auditory senses for the location of her prey, as this 
is carried on out of sight, sometimes at a depth of two feet or more 
below the surface of the ground. When a grub has been found, 
the wasp gets busy around it, and, after a short time spent in 
feeling over it with her very active antennae, proceeds to sting it 
in one of the large nerve-ganglia that control the locomotor muscles, 
so that the grub is rendered completely immobile, yet still alive; in 
this way the mother-wasp insures a supply of fresh food for her 
offspring, and would seem to have arrived at a higher stage in 

* * This refers to the strictly snthophiloua types Some Scoliids, chiefly the species of 
TipkU, do not frequent flowers, but are attracted to the sweet secretions (honey-dew) of 
scale~hi sects (Coccidee) and plant*ttce (Aphidae) on the leaves of trees or other vegetation. 
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evolution in this respect than the social wasps (Vespidae) that have 
to bring in freshly-killed prey to the young larvae in the nest, which 
food, unless immediately consumed, would rapidly decompose. 

In the glass jars (Fig. 13, A) employed for rearing Sooliidae 
artificially the female wasp can be seen to drag the helpless grub 
down to the bottom of the jar, where a space is cleared around it, 
the wasp packing the soil above the grub’s body to form a roof, the 
whole ^forming an oval cell with the paralysed grub resting upon 
its back in the bottom of the follow, thereby giving ample room for 
the wftsp’s movements during the process of opposition. It is not 
known whether under actual field conditions the wasp makes the 
cell at the point in the ground where she first located and stung 
the grub, or whether the latter is dragged to a lower level through 
the surrounding medium. When the wasp is satisfied with the 
preparation of the home for her future offspring, she wanders around 
the grub, feeling over it with her legs and antennae, adjusting a 
limb here and there, or removing a fragment of dirt from its body, 
and after a few minutes spent in this manner, she adjust her body 
to t^e length of that of the grub, grasping the up-turned under- 
surfqj^e of the thorax with her front two pairs of legs, and its head 
with her jaws, and, bending her flexible abdomen down upon the 
venteb of the grub, moves it about searching for the exact spot 
(which appears to be free from setae) for the deposition of the egg, 
which latter operation occupies about a minute. (The writer has 
several times watched the whole process through the glass walls of 
the rearing jars). The egg is cylindrical, slightly curved, and has 
rounded ends; the ratio of its length to its greatest breath is ap¬ 
proximately as 4:1. The egg is laid with its longitudinal axis at 
right angles to that of the grub (Fig. 5, A & B), being glued into 
position by a fluid secreted by the wasp during the act of laying it. 
The foregoing applies to wasps of the genus Dtelis, and some species 
of Elis. The habits of EHs nanthonotu* are similar, except that 
the egg is laid towards the posterior end of the grub’s abdftmen, 
and flat across the surface of the grub’s body, instqpd of at right 
angles to it. The species of Tiphia do not completely paralyze the 
host, which recovers from the effect *of the Bting after the deposition 
of the egg, and during its crawling movements the latter is sometimes 
rubbed off; Tiphia lays its eggs upon the back of the grub, across 
the thorax, just behind the head. 

The entire operation from the time the grub is first located until 
the egg has been laid occupies about two hours. It is not known, 
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and of course impossible to ascertain, how many grubs are parasitized 
by a female in the course of a day in a state of nature, but under 
artificial conditions the writer has been able to obtain three eggs 
from one wasp within the twenty-four-hour period with one of the 
smaller Dielis; two per day however, is a good average for breeding 
purposes. When the wasp has completed the deposition of the eggs 
she takes a final look around and departs in search of another grab. 

The eggs do not require any great length of time before they 

EARLY STAGES OF SOOLUDAE 



FIG. 6.—Eggs and Larvae of JO leUs trifascnata, F. upon grubs of Lochnosterna 
pm toner itws. Sm. (natural slae). (Photo. Rodrigue/ Serra, Pom*e) 

V H—Eggs (lateial aspect) 

C —Lai vs, 3 da\s old (lateral aspect) 

I)— Luiva, 4 da>b old (lateral aspect) 

E—Larva, 5 das s old (dorsal aspect) 

hatch; those of Elis haemorrhoidalis and E. xantJsonotus hatch 
within 32 hours of being laid, while those of Dielis atruta take 72 
hours for their development; the eggs of D. dorsata, D. trifasciata, 
etc., lequire an intermediate period of about 48 hours. The empty 
egg-shell is pushed aside by the newly-hatched wasp-larva, after which 
the latter buries its mouth-parts into the body of the host and 
the consumption of the internal parts of the grub’s body commences. 
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■With unfailing instinct the young wasp avoids injuring those parts 
of the host’s anatomy to which damage would prove fatal. It is 
probable that an ecdysis occurs before the larva is half-grown, but 
such has not been observed by the writer. With the increase in 
the size of the wasp larva there is a corresponding diminution in 
the size of the host, and when the former is fully fed, nothing 
remains of the latter but an empty shrivelled skin with the head 
and legs attached. Wasp larvae in an early stage of development, 
on being removed from a grub, will commence to feed upon another 
provided the latter’s integument has been pierced. A curious habit 
of these larvae when nearing maturity is that of ejecting a milky 
fluid from the posterior extremity when disturbed; this fluid can 
be squirted to a distance of several inches. 

Scoliid larvae are glistening white and they appear to be slimy; 

EARLY STAGES OF SOOLUDAE 



FIG. 6.—Cocoons of Scollidae (natural also) 

(Photo. H. L. Dozier) 

V —Dielis tjpe adult emerges by means of hinged hd at one end 
B —Bits type adult emerges by means of a ragged hole bitten m 
one side 

a 

at first they are pear-shaped or almost globular (Fig^5, 0), but 
later they become elongated and decidedly maggot-lik^_(Fig. 5, D and 
F.) The fully-grown larva of the smaller 8coliids (Elis and Typhia) 
is about half an inch in length, the ldrva of the medium-sized Species of 
Dielis about an inch, and that of D. atrata one and a half inches long 
when mature. The time spent in the larval stage, feeding upon the 
paralyzed host, has been ascertained to be from three to four days 
in the case of Elis, seven days in the case of the smaller Dielis, and 
fourteen days in the case of D. atrata. The egg and larval stages 
are of longer duration in cool weather than in warm, and frequent 
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changes of temperature seem fatal to the Scoliidae in all their early 
stages. 

The wasp-larva, upon completing its development, constructs a 
neatly made cocoon around itself, the cocoon being formed in two 
layers, the inner one smooth and shiny on the inside, 'the outer layer 
coarser and rough in texture. Pupation occurs wiljhin the cocoon, 
and from four to six weeks are spent in this stage, after which the 
mature sexually-perfect adult wasp emerges; the time spent in the 
cocoon depends upon the temperature prevailing. Wasps of the 
genus Dielis emerge by biting a neat lid out of one end of the 
cocoon, the lid being hinged so that it can he pushed aside by the 
emerging wasp (Fig. 6, A); Elis anti Tiphia merely gnaw a ragged 
hole in one side of the cocoon, through which aperture the wasp 
crawls out (Fig. 6, B). 

NATURAL ENEMIES OP THE SCOLIID\K 

Although tlie Scoliidae suffer to some extent through being preyed 
upon by vertebrate animals (birds and lizards), and certain carni¬ 
vorous insects chiefly predacious bugs of the family Reduviidae. as 
well as spiders, it is the insect hyperparasites that are so largely 
reponsible for keeping down their numbers; indeed, were it not 
for these hyperparasites, it is doubtful whether any of the Lamel- 
licornia could ever become pests, so great are the multiplicative 
powers of the Scoliidae. 

Apropos, the following extract from a paper by Dr. J. F. Illing¬ 
worth, upon the natural enemies of cane-grubs in Queensland, may 
be of interest: 

“It would be interesting to know what percentage of the Scoliids me de¬ 
stroyed by these parasitic enemies, but unfortunately this is a phase of the prob¬ 
lem on which we have no data. Yet, when we eon eider the comparative abun¬ 
dance of the Wasps that are known to prey upon grubs in our cane areas, 
we are forced to conclude that a very large majority of them must succumb to 
natural causes. Otherwise, with their prolific reproduction, they would be able 
to hold our cane-beetleB in check with no assistance/’ 

There are three main types of hyperparafcites upon fossorial 
Hymenoptera, species of each of which are responsible for checking 
the increase of the Scoliidae: (i), the Bombyliid flies; (ii) the 
Tachinid ffies; and (iii), the Rhipiphorid beetles.* 

* In the United States it is recorded that a Seoliid of the genus Elia is hyperpara- 
AHised by members *of a fourth group—the Mutillid wasps 
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THE BOMBYLHD PUBS 

, A specimen of Anthrax lucifer, F., a typical Bombyllid, is il¬ 
lustrated in Fig. 7, A, and the figure serves to show the general 
aspect of one of these flies. The family includes many hundreds 
of species distributed over most parts of the world, several of 
which are hyperparasites upon fossorial iymenoptera. The Bom- 
byliid adults are among the most rapid of all insect fliers, and are 
commonly to be seen dartiqg or hovering over the surface of the 
soil, especially in sandy locations, as well as haunting the vicinity 
of the nectar-bearing flowers that_ are so attractive to the wasps 

whose early stage they parasitize. 

% 

mtPEEPARASITES OF 800UXIDAE 



FIG. 7.—Bombyliidae n 

A—Adult of Anthraa hioxfer, ¥, a typical Porto Rican Bpecies (natural size) 

(Photo H h Dozier) 

B—Pupa of one of these flies (Del H E Box from Davis) 

So far as the writer is aware, nothing is known of the mode of 
life of these flies during their early stages, but the empty pupa 
eases are very often to lie found protruding from punctured Scoliid 
cocoons. Large numbers of individuals of the commoner species of 
Scoliids in all stages have been examined by the wr$er> and, although- 
many cocoons were found with the empty Bombylhd pupa-case (Fig. 
7, B) projecting, no instances we?e noticed of the fly larvae at work 
upon the immature stages of the Scoliids. How and where the flies 
lay their eggs (if they are not actually viviparous) is unknown to the 
writer, but the subject is one worthy of special research. During 
February, when the writer had about a hundred cocoons pf Elis 
haemorrhoidahs under observation at Aguirre, several instances were 
noted where Bombyliids emerged ten days after the cocoons had 
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been collected in the fields; the inference is that the immature stages 
cf the Bombyliidie are spent upon or in the Scoliid after it has 
spun up, and that their life-cycles occupy ten days at least. At 
present no further data is available to throw light upon this rather 
obscure subject. 

The Bombyliidae are represented in Porto Rico by numerous 
species, varying from a little less than a half an inch' (the smaller 
Anthrax) to over one and a half inches (the larger ( Hyperalonia) in 
the spread of the wings. Not all of them are parasitic upon Scolidae, 
however, some of them being enemies of the Pompilidae or Spider- 
wasps ( Pepsis ) and the Sphegidae or Grasshopper-waspfc (Ammobia, 
Sphex), etc. In two cases only is the association of a Porto Rican 
Bombylid with its correct host actually known: (i) Anthrax (juryon, 
F., parasitic on Elis haemorrhoidalis ; and (ii) Anthrax Inciter F., 
parasitic on Dielis dorsata; it is believed that the second instance is 
a new record for the Island.* 

THE TACH1NID FLIES 

In British Guiana the writer has bred a small species of Tachinid 
from cocoons of a Scoliid, probably Tiphia parallehi, Sin., and it 
is not improbable that in other countries flies of the same family 
attack similar species of digger-wasps. 

Mr. Smyth gives an instance of parasitism of the adult of Dtelis 
dorsata in Porto Rico, and states that when found at Santa Rita 
it contained “a single .Dipterous puparium, about 5 mm. long, from 
which issued, on June 18, 1913, ten small Chalcidids, which have not 
been determined”. It seems probable that the Dipteron referred to 
was one of the Tachinidae, but Mr. Smyth gives no information upon 
this point. 

The writer trusts he will he forgiven the irrelevancy of reminding 
his readers how strongly the above instance of tertiary parasitism, 
or hyperparasitism of the hyperparasite, recalls to one’s mind the 
old tag 

“Big fleas have little fleas 

Upon their backs to bite ’em; 

And little fleas have lesser fleas, 

And so ad infinitum.” 

THE RHIPIPHORID BEETLES 

A group of insects more or less specialized to a habit of parasitiz- 

* Anthrax Mciftr is a primary pfrrasite on certain Lepidopterons larvae in the V 8. A. 
In this role tlfe fly is beneficial to man. As a parasite of Scohidi it is noxious H. E. B. 
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ing the fo8sorial Hymenoptera, including the Seoliidae, is the family 
Rhipiphoridae, the members of which are rather small beetles of 
carious aspect (Fig. 8). The writer found these insects quite com¬ 
monly in British Guiana upon plants frequented by Seoliids, but has 
so far not met with them in Porto Rico, although Wolcott lists five 
monly in Brithia Guiana upon plants frequented by Seoliids, but has 
here. 

It is not known definitely how these beetles succeed in parasitiz- 

HYPEBPABA&TB8 OF 800LUDAB 



FIG. 8.—Rhijrtphorldw) 

Adult of typical species (8 tiipes natural sue) (irom Davis) 


ing their host, for they do not appear to go underground in search 
of them, spending most of their time upon flowers and such vegetation 
where the wasps abound. Dr. J. J. Davis suggests that the eggs are 
probably laid on or near flowers frequented by the wasps, or possibly 
on the body of the wasp itself, and that the egg or the newly-hatched. 
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Rhipiphorid larva becomes attached to the hairy body of the wasp 
and is in due course transported to the site of the latter’s operations 
upon a white grub, when it becomes detached. This is very probably 
the true explanation of what happens, for it is known that a similar 
ingenious method is adopted by a related family of parasitic beetles 
—the Cantharidae—whose first-instar larvae (called triungulins) are 
very active, and eling to the hairy bodies of certain bees, being 
carried by the bees to their nests, upon arrival at which they become 
detached, cast their skins, and losing practically all power of loco¬ 
motion, settle down to a parasitic existence upon the bee larvae. 

It will readily be understood how important is the quarantining 
of any Scoliids or other fossorial wasps that are introduced as larvae 
or cocoons from abroad, in order to prevent the escape of such 
insects as those mentioned above, for not only is there the danger to 
the species being introduced, but the foreign hyperparasites qyght, 
and very probably would, adapt themselves to attacking the in¬ 
digenous Scoliids as well as other kinds of beneficial wasps, with 
disastrous results. The method adopted by most workers is to put 
each individual Scoliid in a separate tube, within which the emergence 
of the wasp or its parasites takes place, when the former can be 
transferred to breeding-cages, the latter being destroyed before they 
can breed.,. 


PARASITIC PUNCH 

In addition to the predators and parasites discussed above, there 
are certain fungi which cause a heavy mortality among Scoliids, 
especially during the pupal stage of the wasps. These fungi, 
principally species of fsaria, are the cause of great trouble when 
the wasps are being reared artificially, and at present no sure means 
are available for preventing such losses; keeping the cocoons in an 
atmosphere fairly dry, however, is calculated to reduce the mortality 
to a minimum, although the atmosphere in which they are kept 
should not be absolutely dry, a certain amount of moisture being 
necessary for their development. Infection hy fungi has greatly 
handicapped the rearing of Scoliids at Aguirre, but the writer hopes 
that with proper facilities these difficulties will be overcome. At 
certain seasons a fairly high percentage of Scoliids succumb to fungal 
• attack under actual field conditions, which subject has been treated 
mpre or less at length by writers in other countries; no data are at 
present Available, however, upon the prevalence, if any, of fungi 
upon Porto Rieo Seoliidae under actual field conditions. 
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ECOLOGY OF THE 800LIIDAE; IMPORTANCE OF NECTAR-BEARING PLANTS 

More than one observation has been made in this paper relative 
to the importance of having suitable food-plants available for the 
successful propagation of Scoliid wasps in a state of Nature, and, 
although at present the writer does not feel competent to offer 
more than a few cursory remarks upon it, the subject is one worth; 
of a great deal of close attention and study. The observations that 
follow are based for the most part upon the writer’s experience upon 
the South of Porto Rico, and hence should not be taken as necessarily 
applying to the Island as a whole.- 

The fact that several of the indigenous Scoliids of Porto Rico 

ECOLOGY OF SOOUXDAE 



FIG. 9. — Near Santa Isabel, P. B. Callejdn with 
thick growth of KalUtrormta maxima, a favorite 
haunt of Ihohs dnrsata, F. (Photo. H. E. Box) 

are common to both the north and the south of the* Island suggests 
that they are fairly adaptable climatologically, and from records in 
literature, supplemented by observations made Igr the writer,- it* 
appears that they are in a largo measure adaptable to the vegetation 
of the two regions. * 

The vegetation of the north of Porto Rico differs considerably from 
that of the arid regions on the south coast, but both districts possess 
a variety of plants whose flowers prove attractive to many Hymen o- 
ptera, especially the Scoliidae. Where irrigation is practiced {and 
there are few parts where it is desirable to establish the wasps where 
irrigation is not practiced) the wild plants approximate mote clopely 
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to those of the naturally moist regions, but, nevertheless, there is 
ample room for extending the distribution of such plants as are 
desirable in order to obtain the maximum benefits from the wasps.* 
It often happens that plants which come into flower at certain 
seasons are, upon the commencement of their fruiting season, not 
always succeeded by the appearance of other suitable flowers, so that 
the wasps, in order to obtain the nectar so necessary to them, are 
forced to temporarily quit these localities and migrate to places 
where Suitable flowers are to be found. It is believed that with 
proper study this state of affairs can be adjusted, and a succession 
of nectar-bearing flowers made to appear throughout the year, by 

ECOLOGY OF SOOUIDAE 



1 IG. 10.—Near Salinas, F. B. Similar spot to Fig. 9, 
where both Dielu dorsata, F. and D. tnfasdata, F. 
occur. (Photo. H. E. Box) 

planting, or at least encouraging, certain types of insect-fertilized 
plants; the subject, however, require a much greater amount of 
Study than the writer has so far been able to devote to it. 

On the south of Porto Rico there are two plants of special interest 
in this connection. The first of these is Commicarpus scandens, Linn. 
(Stand.), known loeally as “pega^pega”, which is a Stick-seeded vine 
of somewhat dense growth belonging to the order Nyctaginaceae, and 
occurs in more or less abundance upon the fences bordering planta¬ 
tion roads (Fig. 11). The flowers are quite small, about an eighth 
of an inch in diameter^ pale yellow in color, and are borne upon 

—... T f" r 1 

* TH« writer i« attempting to propagate artificially a somewhat rare specie* of PauUMa, 
the flowera of whidh are very attractive to anthopiloua Hymenoptera. 
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inflorescences measuring about one inch in diameter; towards dusk 
tlieir aroma is perceptible. On sunny mornings large numbers of 
insects are to be seen in the vicinity of these vines, imbibing nectar 
from the flowers; the majority of the insects will be found to be 
bees and wasps, and among the latter the Pompilidae and Scoliidae 
easily predominate, the former being represented by Pepsis and 
Psammochares, both of which prey upon spiders, while the Scoliids 
are Represented by Elis and Dielis. 

Commicarpus scandens copies into full bloom from January until 
April and again from late July until November, and during both 

ECOLOGY OF TiOOLIIDAE 



FIG. 11.—Near Ooamo, P. B. Roadside fence cov¬ 
ered with tangled growth of Commioarpus saccm- 
dem in full bloom, a favorite haunt of Elit hoe- 
morrhondalix, F. (Photo. H. E. Box) 


flowering seasons large numbers of fossorial Hymenoptera can always 
be observed. Where these wasps go to during the non-flowering 
Beason of this plant has not yet been ascertained, but it is believed 
that the flowering of the plant has an influence upon the abundance 
of the wasps in any given locality. 

The other plant whose presence in abundance'is in timately con¬ 
nected with that of fossorial wasps is Kallstroemia maxima (yerba 
de oerdo ), a member of the Zygophyllaceae, with pale yellow flowers 
reminiscent of the buttercups Ranunculus of temperate climes, 
and whose general growth and habitat are suggestive of the common 
verdalaga (Portulacca oleracea, Linn.), with which it may easily 
be confused by the uninitiated. On the south of Porto Bieo they erba 
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do cerdo occurs in many situations where conditions do not favor the 
growth of the verdolaga , which prefers the poyal lands to the sandy 
Bpots where the first-named plant abounds. Many of the caUejones 
separating canefields at Aguirre are literally carpeted with a thick 

ECOLOGY OF SOOLHDAB 



FIG. 12 —Guaimatl, near La Bomana, Dominican 
Republic. Broad “oamles” with undergrowth of 
grass; principal nectar-hearing flowers are these 
of Paulhnia pvnnata, growing over young gua&ma 
trees, favorite haunt of many species of ScolUdae, 
, especially Ihelu atrata, F. (Photo, H E Box) 



growth of this weed (Figs 9 & 10), and during its flowering season 
, (which appears to be continuous, with an optimum in July and 
August) thousands of Hymenoptera are attracted by its delicate 
perfpme; among the wasps the Scoliid Dtehs dor sat a is the most 
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frequent and on sunny mornings thousands of the females of this 
species may be seen in most places where this plant occurs. 

Other plants which have been found attractive to Scbliidae in 
Porto Rico are the white-flowered mint Hyptis atrorubens (Labia- 
teae), the common blue verbena, 8Uachytarpheta jamaioensis (Ver- 
benaceae), and Mitracarpus portoricensis, recorded by Mr. Wolcott, 
to which the writer can add the yellow ironweed or escoba, Sida 
carpiyifolia (Malvaceae), a purple-flowered mint, Leonurus sibiricus 
(Labiateae), and Leucaena glauca and an un-named spiny-Stalked 
Mimata (Leguminosae). The large moca trees ( Andira inermis, Urb.), 
when in bloom, are attractive to bees of various genera, but do not 
seem to be especially so to the wasps, although Dielis dorsata has 
been noted more than once at their blossoms. 

Certain Scoliids, e. g., some species of Tiphia, are not anthophi- 
lous; their females refresh themselves with the honey-dew Secreted 
by aphids and scales, and hence a difficult problem is presented, for 
to provide a larger amount of scale or aphid-infested vegetation, 
though beneficial from the view of tending to encourage Tiphia, is in 
all other directions detrimental to the Island’s interests. As an 
alternative, the writer believes that both the indigenous species of 
TipWia and any that may be introduced in the future, can be assisted 
in their propagation by importing into the Island certain species 
of Cordia (Boraginaceae), possessing hair-like glands upon the leaves, 
which secrete a Bweet honey-dew very attractive to Scoliids and 
other wasps. Several species of Cordia occur in Porto Rico, but the 
writer has not observed any of them to possess the faculty of attract¬ 
ing fossorial Hymenoptera during their non-flowering season, such as 
occurs with Cordia aubletii in British Guiana and C. interrupta in 
Barbados. 

The seasonal distribution of the Scoliidae, and the factors govern¬ 
ing their relative abundance, are subjects of paramount importance, 
yet which cannot be discussed owing to the short .time that the 
writer has been able to devote to them. Undoubtedly climatic con¬ 
ditions cause fluctuations in the curve of their abundance, and in the 
time occupied in their early stages underground, as* well as if their 
geographical and topographical distribution. These and other impor¬ 
tant considerations must be left over to some future publication. 

METHODS OF BEARING SOOLHDAE 

Provided reasonable care is taken there should be few difficulties 
attached to the successful rearing of Scoliids either in small numbers 
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or in bulk upon a commercial scale; the chief thing to he observed 
is the correct regulation of the temperature and humidity of the 
receptacles used; these should be kept as far as possible at a tem¬ 
perature of a few degrees above or below 80° F., and the soil in 
them kept slightly moist, but not wet. Frequent changes of the 
soil are necessary, unless sterilized earth is used. To carry out the 
work upon* anything like a large scale, however, insfctaries, equipped 
with incubating departments,, would become necessary. No expense 
should be spared to make the building where rearing work is being 
carried on as free as possible from ants, silver-fish, and especially 
mites. We hope the day will come when the sugar-cane properties 
of Porto Rico (or at least the larger ones) will be provided with 
field inseetaries for breeding parasites, similar to those in use in 
the Californian citrus-growing regions, where millions of ladybird- 
beetles (Coccinellidae) are raised annually to combat the scale-insects 
that would otherwise ruin thousands of dollars' worth of fruifc-trees. 

Four operations are concerned in the raising of Scoliid wasps: 
(i) oviposition; (ii) rearing the larvae to maturity; (iii) care of 
the cocoons; and (iv) mating. Most of the apparatus is such that 
can l»e procured at almost any hardware store, but for certain stages 
of the work the writer uses special boxes and cages. It must be 
remembered that we have only recently commenced the work of 
breeding Scoliids at Aguirre, and that probably as time goes on 
modifications will be made in the process described below: 

i. oviposition 

For the Smaller species of Dielis, and Elis, glass fruit jars (Atlas 
pattern), 5% inches high by 3% inches top diameter, are used, while 
for the large Dielis atrata jars of similar diameter, but 9% inches 
high, are to be recommended. The glass lids and rubber bands are 
removed from the tops of the jars, which can be covered with 
removable standard-size lamp-chimmeys 3% inches in diameter at 
the base; these chimneys conveniently rest upon the rims of the 
jars, and their tops are covered with muslin or other cloth kept tight 
by means of rubber bands. The jars are loosely filled with sifted 
(and sterilized, if possible) soil, to within an inch of the top, and into 
the surface of the soil is stuck a sprig of some flowering plant upon 
the leaves of which some diluted honey has been sprinkled. The 
appearance of this apparatus as at present used at Aguirre is shown 
irf Figs. 13 & 14. 

*The chimney is removed and a suitable living white-grub placed 
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in the soil a few inches below the surface, after which a female wasp 
is let loose within the chimney, which is rapidly placed oyer the jar, 
and the whole ticketed for reference and left for a length of time 
sufficient for parasitism and oviposition to take place. Generally 
the wasp drags the grub to the bottom of the jar, where she makes 
a cell around it, in contact with the side, so that often the grub can 
be viewed through the glass. When an egg has been deposited, 
indicated by the wasp coming up into the open air, the soil is. gently 
tilted but of the jar, the wasp having been captured in a small tube, 
and the paralized grub with the wasp’s egg attached removed with 
forceps, or by means of a long-handled spoon, after which another 
grub is placed in the soil, the wasp .returned, and the chimney re¬ 
placed, for the process to be repeated. Under properly organized 
conditions two changes per day may be considered desirable. It 
often happens that grubs are stung without being oviposited upon 
by the wasps, when they have to be replaced by fresh living grubs, 
though in one or two instances the writer has been able to get the 
wasps to oviposit upon a paralized grub which has been put back into 
the jar. When such a grub is left on the surface of the soil, the 
wasps will endeavor to drag it down to the bottom of the jar, often 
beconpng exhausted by so doing; such conditions, being unnatural, 
are not to be encouraged. 

n. REARING THE LARVAE TO MATURITY 

For rearing the wasp-larvae the writer has designed a type of 
box, 15 inches square at the base and 4 inches deep, with hinged lid 
of the same dimensions, fitting tight by means of flanges. The 
centre of the lid is cut out for a space 11 inches square to allow 
of the insertion of copper mosquito wire, thereby providing for 
aeration. At one side of the lid is a round hole, 2 inches in diameter, 
which can be closed when necessary, but which, when open, allows 
the insertion into it of a bottle whose mouth is of a size which 
enables it to be pushed into the hole more or less tightly* (Figs. 13, B 
& 15). Moulding sand is put into the box to a depth of three inches, 
and rows of depressions made in the sand while it 3s still damp, 
these depressions being of a size suitable for the accommodation of 
the paralyzed grubs. 

When a paralyzed grub with egg attached is located in one of 
the oviposition jars, it is removed and placed upon its back in one 
of the depressions in the moulding sand, an indentification number 
placed immediately above it, and is left until the egg hatches. 



FIG. 13.—Apparatus employed In artificially rearing Bcoliidae. (Photo. Rodriguez Sena, Ponce) 
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A—Opposition jar with lamp chimnej 
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Consumption of the grub by the wasp-larva takes place within the 
shallow depression, and when the wasp-larva is mature, the depres¬ 
sion serves as the base of a cell for the formation of the oocoon; 
without this snail device (which the writer gleaned from Dr. Illing¬ 
worth’s paper on similar work done in Queensland) the larvae are 
unable to form cocoons and perish.* 

III. CARE OF THE COCOONS 

In 'large-scale work the cocoons would be left m situ as they are 
formed, but at present they are being removed to another similar 
type of box. The sand should be quite dry, and the necessary 
moisture obtained by covering the lid with a double layer of damp 
cloth, over which a pieee of card-board is laid; in such an, atmosphere 
created within the box, the cocoons do very well. As the pupal stage 
lasts at least one month, it is necessary to constantly watch out for 
the appcrance of moulds or other fungi; when fungi are found the 
cocooas should immediately be transferred to another box containing 
fresh £and. 

Wisps as they emerge from the cocoons will readily fly into the 
glass bottle inserted in the side of the lid of the box, being attracted 
thereto by the light shining through the aperture, the rest df the box 
being dark.** 

IV. MATING 

The wasps are transferred from the glass bottles to small wooden 
cages, 12 inches high upon a 9 by 9 inches base, containing a bunch 
of nectar-bearing flowers. Mating takes place within these cages, 
the females being removed twenty-four hours after being put with the 

* Since the above web written, the writer has found it safer and very much more con¬ 
venient to place each paralysed grub with its attached egg inaide a glass Jbnbe, two and a 
half inches long by half an inch in internal diameter, the enda of which are‘plugged with ab¬ 
sorbent cotton. Growth and pupation of the Scoliid larva takes place within the tube* with¬ 
out any risk of contamination from neighboring grubs which may be infected with Metar- 
rhiehim or other fungi, as well as those plagues of the insectary, the dkoarina or Mites. 
The cocoons when properly hardened on the outside are easily removed "from the tube# and 
transferred to storage boxes.—H. E. B. e* 

** A very heavy mortality occurred among the eggs, larvae, and cocoons of a species 
of Scoliid being reared at Aguirre during 1925, and this was found to be dne in large 
measure to unsuitable temperature. Incubators were improvised by means of enclosing 
electric-light bulbs in boxes of suitable dimensions, the interior of whioh maintained a 
temperature varying little from 80 degrees F. The smaller boxes containing developing larvae 
and cocoons were stored in these "incubators” and very much better results were obtained 
than when they were left exposed to the fluctuations of room temperature, which frequent!/ 
dropped below 70° F. at night. It cannot be said, however, that we have yet found a 
really satisfactory method of raising Scoliids during the cooler months of the year, and 
much research will have to he done before this is likely to be obtained.-*®. E. B. 
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males, of which there should be three or four for every female 
present. 

RECORDING DATA 

As a basis for all future work it is necessary to keep accurate 

TWO VIEWS OF THE TEMPORARY PARASITE 
LABORATORY, CENTRAL AGUIRRE, 



FIG. 14.— Opposition. Jars. (Photo. H. E. Box) 

Eight for the medium Bixed D tnfa*mata 
Left: for the large DieUt atrato. 

Mote Mating Cages behind large jaia 


FIG. 15.—Boxes for Bearing the Larvae and 
Storing the Cocoons. (Photo. H. E. Box) 

records of all ovipositions, hatchings, pupations, and emergences. 

The system adopted is to give the female wasps of each species 
an'identification number consecutively as they are obtained either 
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by being collected in the fields or by having emerged in captivity, 
the former bearing the prefix “0” (original series), while the latter 
of the first generation have the prefix “I” those of the second gener¬ 
ation “II”, and so on. The eggs as they laid are also numbered 
consecutively, the egg numbers being prefixed by the serial and in¬ 
dividual numbers of the parent; by this means the ancestry of any 
particular individual can be traced, and, on the other hand, it is 
possible to trace the entire progeny of any female. 

THE SPECIES OP PORTO RICAN SCOUIDAE * 

Mr. Wolcott, in his “Insect® Portoricensis”, lists the following 
species of Scoliidae recorded as occfirring in Porto Rico: 

1. Elis haemorrhoidalis, Fabricius (==/?. sercincta, F.) 

2. Elis ephippium, Fabricius 

3. Elis nitida, Smith (as Myzine) 

4. Tiphia argentipes, Cresson 

5. Tiphia sp., probably the same as No. 4 

6. Dielis atrata, Fabricius (ab Campsomeris and Scolia) 

7. Dielis pyrura, Rohwer (as Campsomeris) 

8. Dielis pyrura, Rohwer (as Campsomeris ) 

9. Scolia plumipes, Drury 

10. Dielis maculata, Drury (as Campsomeris) (<=C. druryU) 

11. Dielis tricincta, Fabricius (as Campsomeris) 

12. Dielis trifasciata, Fabricius (as Campsomeris) 

DESCRIPTION AND DISCUSSION OF THE PORTO RICAN SCOUIDAE 

The following account of the Scoliid wasps of Porto Rico is far 
from complete, but it is considered advisable to place on permanent 
record the observations that have been made by the writer to date, 
as well as to summarize in a convenient form what was previously 
known of these insects; the records are based whenever possible 
upon the writer’s own observations, but where these are not available 
free use has been made of Mr. Wolcott’s invaluable check-list and 
other publications. Some of the rarer species have* not been met 
with by the writer in Porto Rico, but were found on the Romans 
properties in the Dominican Republic; observations phased upon this 
Dominican material of the Porto Rican species are included in this 
discussion for convenience. 

* The writer Ss indebted to Mr. G. E. Bryant, who, while temporarily acting a« Di¬ 
rector of the Imperial Bureau of Entomology, London, England, very kindly supplied in¬ 
formation relating to synonymy among the generic names of the Seoliidat, leading to the 
adoption of the nomenclature employed throughout this paper. It may be worth mention¬ 
ing that the species referred to as the genus DUlii have hitherto been included among Cfanp- 
tomeris, which, it is pointed out, is synonymous with Sootia, the latter name taking pre¬ 
dominance. The species of West Indian “Campsomeris” are properly referrable to DUHs. 
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The descriptions are not to be interpreted as being technical 
diagnoses of the species, but merely as general aidb to their iden¬ 
tification. 

1. Elis haemorrhoutdlis, Fabricius 
(Fig. 16) 

Description': 

Female—Length 10-12 mm., wing expanse 18-20 mm. Black 
with several bright yellow marks upon the head and thorax; 
abdomen with a series of five yellow bands, interrupted dor- 
sally so that there appears to be a black stripe along the back, 
posterior end of the abdomen red; legs red; wings transparent. 

Male—Length 11-14 mm., wing expanse 20-24 mm. Head and 
thorax with markings somewhat similar to those of the female; 
abdomen very slender, black with six narrow yellow transverse 
bands which are not interrupted dorsally; posterior end of 

PORTO RICAN SOOLHDAE 
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FIG. 16.— Elvt he won hoidalis , F. (natural size) 

(Photo H L Dozier) 

A—IVmale B—Male 

the abdomen black; legs red; wings transparent 
Hosts Phy talus apical is, Blanch (third-instar larvae) 
Hyverpabasite • Anthrac gorgon, F. (Bombyliidae.). 

Distribution: Fairly common all over Porto Rico, but inclined to 
be locally abundant; not known from elsewhere. 

Food Plant op Female: Commicarpus sc andens (“pega-pega”) 

On the south coast this species occurs abundantly in certain 
restricted localities, in one of which parasitism was found to amount 
to 65 per cent of all Phytalus grubs during February and March. 
The males could be seen in hundreds flying over the surface of the 
ground or retting in clusters upon the leaves and flowering spikes 
o# bledo (Amaranthus sp.) in the vicinity, while large numbers of 
the .females occurred during the mornings on their food-plant, Com - 




Plats TIT 



FIG. 17. —JETlis ephippixirtn, F. (natural size) 

Female at left, male at right 
(Del. ad. nat. H. E Sox) 
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micarpus scandens. Advantage was taken of the abundance of the 
females of this wasp to collect and transport them to another hacienda 
some thirteen miles eastward, where Phytalus grubs were known to 
be common in certain fields, but where hitherto no signs of the 
presence of the parasite has been noticed. During February and 
March 1,200 females were collected and released in the new locality, 
with the result that on the 3rd of April they had accounted for 7 
per (Cent of the Phytalus grubs, while three weeks later parasitism 
had amounted to 26 per cent. During late May and early in June 
the parasities were more abundant in their new quarters than in 
the locality from which they had been taken. At the time of writing 
(August), owing to the absence df Phytalus grubs in numbers, E. 
haemorrhoidalis is comparatively scarce in both regions, nevertheless 
sufficient has been •accomplished to demonstrate the possible results 
obtainable by transporting parasites from places where they abound 
to parts where they are scarce or absent. It is planned to make 
further distributions of E. haimorrhoidalis when next it can be found 
in sufficient numbers to enable collections to be made. The males, it 
may be of interest to record, are very fond of flying around, and 
rftpjpng upon, the white flowers of the Composite weed Parthenmm 
hysterophorus, L., a plant which does not appear to be attractive to 
the females. 

The complete life-cycle was worked out in one instance only, and 
consequently should not be regarded as typical, as it may not represent 
the average: 

Table I 

LIFE-CYCLE OF ELIS HAEMORRHOIDALIS, F. 


Egg 

Egg 

Egg 

Egg 

Lar\ a 

Larva 

Adult 

Cocoon 

Total, egg 

No 

Laid 

Hatched 

Stage 

Spun up 

Stage 

Emerged 

Stage 

to adult. 


Date 

Date 

Days 

Date 

Days 

Date 

Sex 

| Days 

Days 

1/1 

16 ill 

17 111 

1 6 j 

21 111 

46 

80.lv 

m j 

„ 41 

47 


2. Elis ephippium, Fahricius 
(Colored Plate III, Figure 17) 

Description : * 

Female—Length 15-25 mm., wing expanse 2(1-30 mm. Entire 
body black except for the centre of the dorsal part of the 
thorax, midway between the bases of the wings, where there 
is a rectangular spot bright red in colour; legs black, wings 
transparent, slightly smoky towards apex. < 

Male—Length 18-22 mm., wing expanse 28-34 mm. Very aim- 
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ilar to the male of E. haemorrhoidalis, but larger. Head and 
thorax with a number of transverse yellow bands, and a pair 
of short longitudinal bars, on penultimate segments; legs dark 
yellow; wings transparent yellowish. 

Host: Unknown in Porto Rieo. 

Hypehparasitks : Unknown. 

Distribution : Porto Rieo, St Thomas, Antigua. Stated by Wolcott 
to be rather common during the fall on thp north of Porto 
Rico, around the Rio Piedras district. 

Pood-plant op Female : Smyth states that the females occur on the 
flowers of Hyptis atrorubens. 

This is one of the Scoliids whose distribution in Porto Rico, so 
far as is at present known, is confined to the north of the Island, 
and is one which the writer considers should be bred and tried 
out upon the south coast. Although a fairly large number of 
females have been obtained from time to time by the entomologists 
of the Experiment Stations, nothing appears to be known of the 
host of this parasite in Porto Rico. 

Owing to the fact that Elds xanthonotvs, Roh., a species so closely 
resembling ephippium, P. as to appear identical except ta an expert, 
attacks and can be reared upon the second-instar larva of Lachnosterna 
portoriceusis, there is every reason to believe this beetle to be the 
host of ephippium in Porto Rico. 

In Santo Domingo the* writer collected two female Elis of the 
same general facies, i. e., black with a red mesonotum • on flowers 
of Paulldnia pinnata. Both of those insects arrived alive at Aguirre, 
and one of them‘oviposited six times upon L. portoriccnsis grubs; 
the mortality was heavy and only one specimen, a male, was raised 
from this material. Believing the female to be the same as the Porto 
Rican ephippium, the writer was astonished to find the male quite 
different from specimens of ephippium collected at Rio Piedras. The 
other female from/Santo Domingo did not oviposit, though it stung 
portoricensis grubs in the rearing-jars. 

The three individuals, a female and its male progeny, and another 
female (which differed visibly from the first, particularly in the shape 
of the colored thoracic area and in the presence of a yellow bar 
posterior to it), were forwarded to Dr. L. 0. Howard, who kindly 
gave them into the hands of Mr. S. A. Rohwer of the United States 

* In Mr. Rohwor’s original description he states that xanthonotua is “Readily distin¬ 
guishable by its black color and yellow mesolcutum”. The mesoscutum in the example col¬ 
lected in Santo Domingo is bright red, a color to which the yellow parts of Hymenoptera 
frequently change when the specimens are left in cyanide-bottles for any length of time, so 
it is.poastyrte Mr. Rohwer wak misled into believing the red color of the mesoscutum in pro* 
served* specimens wag yellow in life. 
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National Museum. Mr. Bohwer, in his report, separates the species 
as follows: 

The female with bred male is stated to agree with the type of 
xanthonotus, Boh., which was described in 1915 from one female 
collected at Bio Piedras, Porto Bico, by Mr. T.'H. Jones in 1912. 
This name was later (1920) sunk by Mr. Bohwer as synonymic with 
ephippium, P. Mr. Bhower states in his report that “The synonymy 
may' be correct but inasmuch as there are two species which agree 
with Fabricius’ original description it seems advisable to use the 
name xanthonotus for this form until the type of ephippium can be 
studied.” If by any chance this species is found to be identical with! 
the true ephippium, a new name will have to be found for the Porto 
Bican insect whose, male is so very distinct, and which is at present 
known as ephippium. 

The solitary female from Santo Domingo “differs from xantho¬ 
notus in the sculpture of the head and pronotum, etc. It may be 
tphippium, but the type must be examined before it can be deter¬ 
mined.” The writer finds it to differ from females labelled “Elis 
ephippium, F.” in the collection of the Insular Experiment Station 
of Porto Bico. 

It seems, therefore, that Elis xanthonotus occurs in both Porto 
Bico and Santo Domingo, and that in each of these countries there 
exists one other similar species, neither of which do we believe 
to be common to both islands. 


Table II 

LIFE-CYCLE OF ELIS XANTHONOTUS, Bob. 


Err 

No 

ERR 

Laid 

Err 

Hatched 

Err 

Stage 

Larva 
Spun up 

Larva 

Stage 

Adult 

Emerged 

Cocoon 

Stage 

Total, egg 
to adult 


Date 

Date 

Days 

Date 

Days 

Date 

Sex 

Days 

Days 

1/1 

22 vll 

24 vli 

2 

80 vil 

A 


B 

KM 

45 


Note; This individual was the progeny of a female qylleeted at Guaimati,' 
Dominican Republic, and was reared at Aguirre, Porto Rico, on a 2nd-iiptar grab 
of Laehnostema portoticmsis. • 


3. Elis nitida, Smith 
Unknown to the writer. 

A species recorded by Dr. Agustln Stahl in his “Fauna de 
Puerto Bico” in 1882, which has not been recorded since Jhat date. 
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This species is also reported from Santo Domingo, Cuba, and 
Jamaica. Mr. Wolcott informs the writer of reeent captures of this 
species in the vicinity of Port-au-Prince, Haiti. 

,4. Tiphia argentipes, Cresson 

Unknown to the writer. 

Recorded by H. Dewitz (1881), Dr. Stahl (1882),Dr. J. Gundlaoh 
(1894), and Dr. W. H. Ashmead (1900) 

Mr. Alex Wetmore records finding Tiphia sp. (according to Mr. 
Wolcott, probably the species under discussion) among the stomach 
contents of a kingbird, or “pitirre ’’ (Tyranus dominicensis domi- 
nicensis, Gmel.). 

‘ T. argentipes is also imported from Cuba and St. Vincent. 

5. Tiphui sp. 

Three males of a Tiphia, which, according to Mr. S. A. Rohwer 
may represent a new species, were found in the Gu&nica district by 
Mr. E. H. Barrow in 1921, feeding upon the secretions of a scale, 
Pulvinaria psiddi, Mask, on Rauwolfia nitida. Another male was 
subsequently found on cotton at Yauco. At one time it was suspected 
(on very good evidence, too) that these Tiphia might be the progeny 
of some insects of the same genus brought into Porto Rico during 
1913, releases of which were made in the (luanica district. 

In Santo Domingo the writer collected two specimens of Tiphia, 
one, a female, on aphid-infested corn in the grounds of the Experiment 
Station at Santiago, while a male was taken under precisely similar 
circumstances at La Vega; l>oth of these localities are in the interior 
of the Island. 

The two specimens were examined by Mr. Rohwer, who states 
the female to be T. punctata, Robt., a species known from continental 
North America ranging from southern Canada to Texas and Loui¬ 
siana. It has not previously been recorded from the West Indies, 
so far as the writer knows. 

The male from La Vega is stated by Mr. Rohwer to be “the same 
as has been previously collected by Barrow,” 

Although there is some'evidence that both the male and female 
Tiphia from Santo Domingo are T. punctata (in which case the 
Gu&nica individuals would also be of this species), there is actually 
ko proof that this is the case, as it was not possible to specifically 
determine the male sent by the writer to Mr. Rohwer. Definite 
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information ctCh only bo obtained by having males bred from known 
females available for determination. 

If Mr. Barrow’s specimens are (as the writer believes them to 
be) of the widely distributed T. punctata, it is not improbable that 
they are descendants of individuals released in the Gu&nica region 
by Mr. Wolcott in 1913-14, for punctata was included among the 
introductions to Porto Rico from the State of Illinois. On the 
other hqnd,- seeing that punctata occurs in Santo Domingo, where 
it w«s certainly not introduced, there is no reason why the Gu&niea 
Tiphia may not have been native to Porto Rico. 

6. Dielis atratp, Fabricius 
(Fig. 18) 

Description ; » 

Female—Length 35-50 mm., wing expanse 50-75 mm. Head, 
body, and legs, entirely black; wings dark orange-yellow at 
the base and for more than two-thirds of their length; apex ot 
the wings smoky by transmitted light, bright steely blue by 
reflected light. 

Male—Length 28-35 mm., wing expanse 40-45 mm. Color the 
same as that of the female, except that the orange color of 
the wings is not so pronounced, and the apices of the wings 
not quite so dark. 

Host: Not definitely proven in Porto Rico, but undoubtedly the 

' larvae of Stataegus titanus and S. quadrifoveatus. The former 
Species was readily parasitized in the third instar by D. atrata 
brought in from Santo Domingo. 

Hyperparasites : Unknown. 

Distribution: Porto Rico, Santo Domingo, Cuba, Jamaica. Stated 
by Dr. Gundlach (1894) to be very common in Porto Rico, but, 
nevertheless, during the last two decades and a quarter only 
two captures have been made*: a male in a canefield at 
Aguirre (1913, G. N. Wolcott,) and a female at Lares (1923, 
F. Sein). The writer found D. atrata commonly in some dis¬ 
tricts of the Romana properties, but it was not seen elsewhere 
in Santo Domingo. Mr. Wolcott informs the writer that it 
occurs to some extent in Haiti. * 

Food-plants op the Female: In Santo Domingo the wasps of 
both sexes are attracted to the flowers of Payllimia pinnata.. 

Dielis atrata (also referred to a# Scolta or Campsomeris atrata) is 
one of the largest of the West Indian Hymenoptera, some of the 
females having a wing-spread of over three inches. Owing to its 

* Since (he above wan written, the writer ba§ taken two male* and two female* of 2). 
atrata on flowera of Ootirtmicatpus seandtns in one of the .Aguirre haciendas north of Santa 
laabel. The females readtl> oviposited upon mature grubs of JStrataeffu* titanus oollSeted 
from eane*stoola in the locality 
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extr eme rarity in Porto Rico during recent years, very little is known 
of the habits of this species. While in the Dominican Republic in 
July the writer found D. atrata quite common in certain localities 
near Central Romans in the province of Seiba, and twelve females 
were collected for shipment to Porto Rico. Only three arrived 
at A guir re alive, and these were immediately transferred to jars 
of soil containing proper food and prey, it being considered that 
the third-instar grubs of the sugar-cane rhinoceros beetle ( Strataegus 
tit anus) would serve for the purpose. The wasps commenced to 
oviposit at once, and eggs were secured from the three individuals, 
as follows: 

Female No. 0-1_23 eggs, between 19-\ii and 10-viii (wimp died 10-viii) 

Female No. 0-2_12 eggs, between 21-vii and 3-viii (wasp died 5-viii) 

Female No. 0-3_29 eggs, between 21-vii and 16-vhi (wasp died 18-viii) 

Mortality during the egg and larva stages was very high, due to 
unfavorable conditions, but thirteen cocoons have been obtained, 
and, provided the sexes are about even, we expect to be able to 
continue the rearing work upon the emergence of the adults late in 
Septmnber.* Nevertheless, it is proposed to make further importa- 
tions of Dielia atrata from Santo Domingo at some time in the near 
future, as the species may be reckoned as being very desirable to 
firmly re-establish upon cane lands in Porto Rico, where, as has 
already been mentioned, considerable damage is done by rhinoceros 
beetles and their grubs. 

Typical haunts of the adults of this wasp in Santo Domingo are 
shown in Pig. 12, consisting of broad carriics (equivalent to our 
lullejones ) with a thick undergrowth of grass and weeds interspersed 
with small giudcima trees, over which can be found climbing the 
vine Paullinia pinnata, whose flowers are so attractive to the adults 
The males cluster together upon the leaves and branches of the 
yudeimas. 

Table III 

PARTI AD LIFE-CYCLE OF DIE LI 8 ATE AI A, T. 

(Average of twelve specimen*) 



w - 

Egg Stage 

Larva Stage 

Days 

Days 

8.5 

9.5 


* No adult* emerged, u *H the pupae became infected with Mrta fungo*.—H. B. B. 
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7. Dielis dorsata, Fabricius 
(Pig. 19) 


Description : 

Female—Length 20-25 mm., wing expanse 28-35 mm. Head 
and body black; abdomen with brick-red bars on the second and 
thiid tegmenta, each bar of characteristic pattern (Fig. 19, A) 
legs black; wings almost opaque smocky by transmitted light, 
bright steely-blue by reflected light. 

Male—Length 18-22 mm., wing expanse 25-32 ram. Differs 
entirely from the female, the species being sexually dimorphic. 
Body black, covered with a fine greyish pubescense, which ap¬ 
pears almost silvery in newly-emerged individual? There are 
two curved bars, pale yellow in color, upon the dypeus or 
face, between the eyes, enclosing a black area; a narrow yel¬ 
low ring in front of the thorax, just behind the head, and a 
pair of thickish yellow bars at the base of the thorax, the 


POBTO BIOAN SOOLUDAE 



FIG. 19.— Dtehs dorsata P. (lVi times natural stse) (Photo, H. L. Dozier) 

% \—Female H—Mffle 

anterior one being the larger. The abdomen is black, with 
pale yellow rings upon the first four segments, the rings of 
characteristic pattern; legs mostly black, but with pale ycl - 
low stripes on the inside of each segment; wings transparent 
with black neuration. 

Host: Ligyrtts tvmulosus (third-iimtar larvae); occasionally the 
third-instar larvae of Lachnostema portoriccnsis, and proba¬ 
bly L. vandinei. 

HypebpabA8ITE8: Anthrax lurifer , F. (Bombyllidae), and an un¬ 
determined Dipteron (recorded by Mr. Smyth). 

Distribution : South America (Brazil, Quiana, etc.), Barbados, and 
Porto Rico; was not seen in Santo Domingo. In Porto Rico 
D. dorsata has a wide distribution, but would seem to be more 
abundant on the south coast. 

Food-plants op Female: Almost any nectar-bearing flowers, but 
especially Kallstroetnia maxima, Commicarpus scandens, Sida 




no. ao>- 


_ nh «i/ 4 time# wt. #tee) 

-Dieli* tT*» *° i \ 

Female »t >»JJ« jj* E. Bo*) 

(1X4. ad. nai. 
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oarpittifolia, and Leonunu dbiricus. Occasionally females are 
attracted to the flowers of the moca (Andira hermit), as well 
as those of Leucaena glauca. 

DieUt dorsata is one of the commonest wasps, and certainly the 
commonest Sooliid, in Porto Rico, ocurring almost ubiquitously 
wherever its host abound. When stable manure containing grain 
of Ligyrus is applied to canefields, D. dortata can shortly afterwards 
be seen in hundreds in the vicinity of such fields, retaining its 
abundance until the last of the grubs has pupated or been parasitised. 
An instance of the effectiveness of this parasite was observed by the 
writer on* the south coast, where, in a callejdn between two fields of 
young cane, Ligyrus grubs could be collected in thousands during 
Febraary, while six weeks fater it was difficult to find even one 
snecimen, even in the pupal stage, their place having been taken by 
the enormous numbers of Dielis dofsaia later present in the locality. 

Occasionally cases of parasitism of Lachnosterna by this Scoliid 
are observed in the canefields, and under artificial conditions D. 
dorsata will readily attack L. portoricencis when deprived of its 
normal host. It is recorded by Mr. Wm. Nowell that in Barbados 
this wasp acts in a similar way, now and again attacking the Melo- 
lonthid Phytalus smithi as well as regularly parasitizing the Dynastid 
Ligyrus. In British Guiana Dielis dorsata is less common than in 
either Porto Rico or Barbados, but nevertheless it effects an influence 
upon the abundance of probably both Ligyrus ebenus and L. gyas in 
that country. 

It is not improbable, in view of the evidence available, that D. 
dorsata is an accidental introduction to Porto Rico, and in any case 
should serve to exemplify what can be accomplished with a Scoliid 
parasite upon white brug control. It is suggested that D. dorsata 
might well be tried out in the United States, where it is believed that 
it does not occur, as it might prove an efficient parasite for Ligyrus 
rugiceps, Lee., a beetle that is sometimes responsible for damage to 
growing canes in Louisiana. 


Table IV 

UFE-OYOLE OF DIB LI 8 D0B8ATA, F.- 


EM 

No. 

Egg 

Laid 

Egg 

Hatched 

Egg 

Stage 

Larra 
Spoil up 

li 

Adult 
Emerged , 

Cocoon 
, Stage 

b£J 


Date 

Date 

Days 

Date* 

Days 

Date 

□ 

Days 

E9 

2/2 

26.V11 

27.Y11 

a 

l.vitl 

6.6 

Liz 

m 

81 

88.6 

2/t 

2&vil 

&Yil 

2 

2.V1U 

6.5 

2.1* 

m 

81 
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8. Dielis pyrura, Rohwer 
(Color Plate V, Pig. 80) 

Dbbobiptjon: 

Female—Length 22-28 mm., wing expanse 32-40 mm. A very 
beautiful wasp with the head, thorax, and the end of the ab¬ 
domen covered with red pubescence; abdomen with brilliant 
lemon-yellow wavy bands on the first three segments, these 
bands separated from each other by black patches ; legs red, 
with red spines and pubescence; wings hyaline with red neu- 
ration; these is a smoky patch in the region of the apex of 
the forewing, between which and the base, on the eostal region, 
is a broad orange-colored streak, which blends into the pale 
yellow of the rest of the wing; the apex of the wing reflects 
a violet color. 

Male—Length 18-22 mm., wing expanse 28-35mm. Colored very 
similar to the female, but there are yellow bands upon the 
front of the face, Situated obliquely between the eyes, enclosing 
a black space; the thoracic marks are similar to those of 
D. dorsata, but of a deeper yellow. 

Host: Unknown in Porto Rico. A female brought in from Santo 
Domingo has been found to parasitize the third-instar grubs 
of Lachnosterna portoricensis. 

Hyperparasitbs : Unknown in Porto Rico, but probably the same as 
those of D. dorsata. 

Distribution : Porto Rico, Santo Domingo and Haiti. In Porto 
Rico the species is decidedly rare; individual specimens have 
been taken at Mayagiiez (type material of the species), Co- 
merio, and Mona Island. In Santo Domingo the writer found 
a few specimens at Guaimati. Mr. Wolcott states that it oc¬ 
curs sparsely near Port-aUrPrince, Haiti. 

Food-plants op Female: Wolcott states that the female occurs on 
the flowers of Stachytarpheta (Valerianoides ) jamaicensis. 
In Santo Domingo they were found on Paulhnia pinnata. 

The species now under discussion has not been met with by the 
writer in Porto Rico, but the opportunity was taken of bringing 
back two females from Santo Domingo. One of these died shortly 
after its arrival at Aguirre, but the remaining specimen lived forty 
days in captivity, during which time twelve eggs were deposited 
upon third-instar larvae of Lachnosterna portoricensis; to date only 
two cocooub have been secured, mortality among the eggs and larvae 
having been high. 

Dielis pyrura should be obtained in quantities from Santo Do¬ 
mingo and artificially reared until its numbers are sufficiently large 
to ‘enable field releases to be made in Porto Ricqn canefields. 
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Tabu V 

LIFE-CYCLE OF DIBL18 P7&UBA, Bob. 



Larva 

Larva 

Spun np 

Huge 

Date 

Days 

5. v iil 

8 

i&.vill 

7 


.Adult 

Emerged 


Daw 


Hex 


2#.ix 


* Failed to finish pupation 



9. Scolia plumipes, Drury 
'Unknown to the writer. 

Recorded by H. Dewitz <1881) and Dr. Gundlach (1894); stated 
by the latter entomologist to be rare. 


10. Dielis mdculata, Drury 


Unknown to thg writer. 

Recorded by Dr. Ashmead (1900). 


11. Dielis tricinta, Fabricius 


Unknown to the writer. 

Recorded' by Dr. Stahl ‘(1888), Dr. Gundlach (1894), and Dr. 



ead (1900). This species is also reported from Santo Domingo, 
Jamaica and Trinidad. 


Description : 


12. Dielis trifasriata, Fabricius 

(Fist. 21) 


Female—Length 22-25 mm., wing expanse 30-38 mm. Head 
and body black, with brilliant lemon-yellow bands on first 
three abdominal segments, these bands separated from each 
other by black bands bordered with a red line anteriorly where 
the black and yellow meet; legs black; wings yellowish by 
transmitted light, with a smoky patch at apex of fore-wings, 
reflecting purplish; neuration reddish. 

Male—Length 18-25 mm., wing expanse 25-32 mm. Body black, 
covered with dark grayish pubescence. There is a strong simi¬ 
larity between the male of this species and thht of D. donate, 
but the clypeus is entire yellow, and the abdominal rings ate 
different in shape; the last ring is interrupted -dorsally. The 
yellow markings are darker in tint than inose of tjte male 
D. dorsata, and the wing, neuration is reddish rather than 
black. 


Host : Hitherto unknown in Porto Rico. The-writer has found that 
this wasp normally attacks Lachnosiema portoricensis, and j i 
all probability L. vandinei is also parasitized £y it. 
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Hyperparasites : Unknown in Porto Rico, but probably the same 
as those of D. dorsata. 

Distbibutjon : Porto Rico, Santo Domingo, Haiti, Cuba and Jamaica. 
Stated to be not uncommon on the north of Porto Rico, but 
until recently has not been met with on the south coast; where 
it has now been found in one restricted locality near Salinas. 
A few individuals were seen at Quaimati in Santo Domingo. 
Mr. Wolcott sayfc it is “common” in Haiti. 

Foodplant of Females In Porto Rico, Kallstroerma maxima and 
Sida carpinifoUa. In Santo Domingo, PauUinia pinnata. 

On the fitli of June, while watching thousands of the females of 
the common Dielts dorsata flying around patches of yerba de cerdo 
(K maxima) in a tallpjon in one of the Aguirre haciendas the 
writer collected a fen individuals which later were identified as 

POBTO BICAN 8 COLHDAE I 



A B 

FIG, 21,— Dulxs tnfeupata, F. (lVi times natural sise) (Photo, H. L. Dozier) 

—Female B—Miile 


the species now undci discussion Search was continued and visits 
made subsequently and to date eighteen of these wasps have been 
secured from the one locality Although similar places elsewhere 
have been carefully wached, D tnfas(iata has not been met with 
outside an area of less than five acres It may be worth mentioning 
that, although four was the maximum number of females of D. tri- 
fasoiata collected on any one occasion, several thousand of the com¬ 
mon D. dorsata could have been netted had they been required. 

The female wasps were collected alive and brought to the labor¬ 
atory, where they were put into jars with an assortment of white 
grubs of different stages of Lachnosterm and Ligyrus f as well as 
l^ome small Strataegus. The two latter types of grubs were absolutely 
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ignored, nor has the writer since been able to get D. trifasdata to 
parasitize* either IAgyrus or Strataegus. The females, however, 
readily stung the mature third-instar grubs of Lachnosterno porto~ 
ricensis, and laid eggs upon them, thereby constituting the first 
known instance of parasitism of a Porto Rican Lachnosterno, by a 
native Scoliid wasp. 

At first the best results were not obtained, the wasps dying after 
having laid a few eggs, but, with the improved technfifle already 
detailed, the wasps were kept alive for a -considerable length of time, 
depositing 'eggs upon cane-grubs daily. From the original material 
four generations have been reared upon cane-grubs, but owing to 
a series of accidents, the work of rearing this species has not progressed 
as well as we would have desired. To the end of 1925, that is, within 
a period of six months, 304 individuals (213 males, 91 females) have 
been raised from.the original fourteen specimens, the latest examples 
being the third filial, generation. The maximum number of eggs 
obtained from one female was fifty-five (this individual lived 63 
days in captivity), the average number being 17 eggs for every female 
wasp. Some females produced all male progeny, and it was thought 
that this was due to these having developed parthenogenically; to 
confirm this, two females, kept away from males, laid eggs whieh 
almost invariable produced males, though in two instances female 
progeny were obtained from unfertilized parents; the female progeny 
were quite healthy and oviposited normally whether they had been 
fertilized by males or not. Having had such a large number of 
these Scoliids on hand for a fairly long period, the writer can record 
data based upon observations on the effect of temperature on their 
development: 

Table VI 

LIFECYCLE OP D1ELIS TRIFASCIATA., P. 


Period 

Temperature 

i 

Egg Stage 

i 

Larva 

Stage 

Pupa 

Stage 

Total, egg 
to adult 


Daily 

Mean 

Max. 

Min. 

Days | 

1 

1 

Days 


Days 

June-July. 

80.60 

wfjM 


2.5 I 

6.5 

85 

* 44 

August-September. .. 

81.28 

■fs 


2.5 

6.5 

88 

42 

November. 

78.80 

86 

67 

8.0 1 

7.0 

* 42 

52 


The mortality in all stages increased as the nights grew cooler, so 
that in order to save the race from dying in captivity artificial heat¬ 
ing to be resorted to (see foot-note on page 83). In addition large 
numbers of eggs and larvae died through attacks of fungi and 
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bacteria. A release of twelve females, all proven to be in egg-laying 
condition, was made in one hacienda in December, in a situation 
favorable for their establishment. The number is small, but it may 
be that they will continue to breed, as cane-grubs were plentiful in 
the fields around the part where the releases were made. 

All the evidence points to D. trifasciata holding the status 
exemplified in Diagram B of Plate I, but the writer believes there 
should be little difficulty in producing the effect illustrated in Diagram 
C, if every facility is provided to aid this end. 

One great difficulty which may be encountered in breeding Dielis 
trifasciata and the other Scoliids is that of obtaining a supply of 
the right sort of grubs during the season of the minimum abun¬ 
dance of the latter in the fields; this season is June and July in 
the case of third-instar Lachnosterm (see Plate 111). Although 
with diligent search a fair number of suitable grubs can be obtained, 
it is not wise to rely on this method where large numbers of grubs 
are daily used in propagating the wasps. It seems that if during 
the end of April and during May, several thousand of grubs are 
collected, these can be stored at low temperatures (about**l5 0 F. 
being Suggested) either in a proper cooling plant or a good ice-chest, 
under which conditions the growth of the grubs is suspended until 
they are restored to normal temperatures a few days before being 
required for UBe. 

INTRODUCING PARASITES PROM ABROAD 

This is not a new idea in Porto Rico, and a most excellent summary 
of all that has been done in the direction of attempting the control 
of the sugar-cane pests of Porto Rico hy means of introduced parasites 
v r as written by Mr. Wolcott and published in this Journal in January, 
1922. Nevertheless, it is felt that the present paper would be in¬ 
complete without a brief resume of what was accomplished along 
these lines. 

Although great success followed the importation of the Austra¬ 
lian lady-bird beetle (Cryptolaemus montroueieri, Muls.) from North 
America, to combat scale-insects and mealy-bugs (Coccidae) in Porto 
Rico, the beetles having become firmly established and widely dis¬ 
tributed in the Island, the same cannot be said of the introductions 
that were made of Scoliid wasps from the United States, due, in 
thq writer’s opinion, to an injudicious selection of the country whence 
the parasites were obtained. 

During the period 1911 to 1913 Mr. C. E. Hood, and later, Mr, 
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Wolcott, was engaged by the Experiment Station at Bio Piedras to 
arrange for the collection of large numbers of Tiphia inornata, Say, 
T. punctata, Robt., and other species of the same genus that exert 
a marked control over Lachnostema in Illinois and other States. 
The material was collected in the form of cocoons and shipped to 
Porto Bico, some in cold storage, other at normal temperatures by 
first-class mail. At first very few adults were secured, but later, 
when improvements had been made in the methods of handJ.life the 
insects during transit and after arrival in Porto Bico, goodper- 
centa&es of emergence were obtained. The wasps were tried out 
upon various white-grubs and)' although in one or two instances they 
stung' the grubs and oviposited upon them, no cases were recorded 
where one of the imported species- of wasp had been reared to 
maturity upon a Porto Bican grub. In addition to attempting to 
rear the wasps artificially upon cane-grubs in captivity, several 
hundreds of adult Tiphia were released in some grub-infested fields 
cn the south coast. It cannot be said definitely that these wasps 
have entirely failed to become established in Porto Bico, but it is 
certain that they have not increased to such an extent as to make 
their presence felt today. 

'While it is quite possible success might follow introductions of 
wliire-grub parasites from North America, the writer considers it 
far more probable that such would be obtained with parasites from 
neighbouring West Indian islands and from the mainland of South 
America, where the necessary conditions approach closer to those of 
porto Bico, and it Seems likely that parasites from these countries 
stand a better chance of becoming acclimatized in Porto Rico than 
species native to temperate regions, though this does not necessarily 
apply to all parasites. 

Through the enterprise and interest of the Central Aguirre Sugar 
Company the writer has already been able to demonstrate that there 
occur in Santo Domingo several Scoliids (Dielis atrata, D. pyrura 
and Elis ranthonotus) which are so rare in Porto Bico that their 
re-establishment and distribution in this Island is desirablfe. In 
addition to these, other parasites were found in Santo Domingo 
during the writer’s short visit in July, in numbers insufficient to 
make shipments. It is very probable that a more extended survey 
of other parts of Santo Domingo as well as of those localities already 
visited by the writer in that country, would reveal the. existence of 
oilier forms of parasites likely to prove beneficial to Porto Rico, as 
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well as a greater abundance of those already found there in small 
numbers. 

A glance at Appendix II at the end of this paper will serve to 
show what a field remains in this line of work; the writer considers 
that Cuba, Jamaica, Trinidad and British Guiana are especially 
worthy of attention in respect of the species of Scoliids known to 
occur there, and there can be little doubt that an entomologist 
searching for these insects would find forms not yet described and 
catalogued. In addition to the countries mentioned above, there 
are others of the "West Indian islands which should be taken into 
consideration, as well as Columbia and Venezuela on the mainland 
of South America. 

Mention has already been made of Tiphia parallela, Sm., which 
aids in keeping down the numbers of the Melolonthid Phytalus smithi 
Arrow, in Barbados. This Seoliid has a variety of hosts, although in 
Barbados no Lamellicorn other than P. smithi is known to be attacked 
by it. In Antigua it attacks Lachnosterna antiguae, Arrow, a species 
almost identical in size both in the adult and larval state ^vith P. 
smithi of Barbados, and L. gnanicana and L. citri of Porto Rico. 
In British Guiana Tiphia parallela is not known to attack Melolon- 
thids, but the writer has found cases of parasitism of Uynastids of 
the genus Dyscinetus by it in that country. 

In reference to an attempt that was made to introduce T. parol- 
lela into Porto Rico, Mr. Wolcott states: 

“One hundred cocoons were sent (from Barbados) in April, 1913, arriving 
a month later, but only ten adults emerged. No special arrangements had been 
made for attempting, to have these breed on the grubs of Phytalus insulans , 
Smyth ( apicalis , Blanch.), the most nearly related (!) Porto Rican Rpeeies of 
grub, and the females did not oviposit on the larger Lachnosterna grubs.*” 

In spite of the negative results recorded by Mr. Wolcott, the 
writer thinks that Tiphia parallela should be given another trial 
upon Porto Rican white-grubs, especially those of Lachnosterna 

* I consider both Lachnoslsma gutmieana and L. citri to be closer relatives of the 
Barbadian L ( Phytalus) smithi than L. (P .) apicalis in spite of the fact that the adults 
of the two latter species have certain minor features in common that some writers rank as 
generic differences. As it is the larval stage of these beetles that is selected by the Seoliid 
parasite ns food for its progeny, I fail to see that it matters very much that the presence 
or absence of a certain detail in the structure of the adult form (in this instance a cleft 
claw in the male sex) exists, for such must be unknown to the wasp, which is familiar only 
with the subterranean larva, and which cannot have any idea of what the ultimate develop¬ 
ment of the larva would he if it left it unstung. There sre, to my knowledge, no charac¬ 
ters present in the larvae of the so-called Phytalus which separate that genus from Lachno • 
sterna. —H. E. B. 

(See second footnote on page 51.) 
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guanicana and L. ctiri, and suggests that the introduction be made 
from British Guiana rather than from Brabados, as they can reach 
this Island in less than ten days by monthly sailings of the Dutch 
Royal Mail boats from Georgetown, Demerara, which connect with 
the “Red D" line at La Guayra, Venezuela. Advantage could then 
be taken of bringing in several other desirable parasites which occur 
in British Guiana but not in Barbados, viz., certain Braconidae which 
prey upon moth borers (Diatraea saccharalis, F.). 

It may be of interest to record that in the summer of 1924 a 
consignment of adult females of Scolia manilae, Ashm. were brought 
into Porto Rico from Hawaii, by Mr. Norman Kay, of the Central 
Aguirre Sugar Company. ’They had been introduced into Hawaii 
some years previously from the Philippine Islands to combat Anomala 
orientalis, a sugar-cane white grub. The writer is not aware that 
any detailed experiments were carried out with the wasps with grubs 
in captivity, but about a hundred of them were released in a grub- 
infested region on one of the Aguirre haciendas, where it is possible 
they may breed. 

Tn addition to the Scoliidae there are other types of parasites 
which would be met with during the search for the wasps, and among 
these are flies which attack both the larvae and adults of the Lamel- 
litornia. Mr. Wolcott has informed the writer of the existence in 
Haiti of a Tachinid fly, Ptilodexia harpasa, Walk, which parasitizes 
the larvae of Lachnosterna hogardi, Blanchard, a beetle very closely 
i elated to L. portoricensis and L. vandmei. 

An account of Ptilodexia harpasa is given by Dr. J. J. Davis 
in his “Contributions to a Knowledge of the Natural Enemies 
of Phyllophaga ,> (Illinois State Natural History Survey, Bulletin, 
Vol. XIII, Art. V, pp. 82-84, 1919). Dr. Davis remarks that “This 
fly, first recorded as a white-grub parasite under the name tibialis, 
has a wide distribution, occurring, according to published records, in 
Nova Scotia and Ontario, Can .; and in New Hampshire, New Jersey, 
Minnesota, Texas and New Mexico.” This parasite, then, has a range 
extending from Southern Canada to Haiti in the Greater Antilles. 
It seems quite logical to suppose that an insect which exists under ' 
such a wide range of climatic conditions, and which works upon 
many different species of Lachnosterna, including both temperate 
and tropical species, would be* easily adaptable to Porto Rican 
conditions. The writer believes that Pt. harpasa is the most likely 
of all foreign Diptera to become established in this Island, and hopes 
to attempt its introduction from Haiti at some time in the future. 
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CONCLUSION 

The writer makes so claim that the present paper is a complete 
tieatise upon the subjects dealt with. Many aspects deserving of 
deeper consideration have, of necessity, been but briefly touched upon, 
and much yet remains to be elucidated before we can tell what are 
the possibilities of the line of control here suggested and advocated 
as being adopted against one of most serious pests of Porto Rieo’B 
major crop. 

It is hoped, nevertheless, that the present effort' may Berve to 
summarise in a general way and in a convenient form what is 
known of the Porto Rican Cane-grubs and their natural enemies, 
particularly the Scoliid wasps, and that this paper may prove of 
some use to future workers in this most interesting and promising 
line of inquiry and to those engaged in similar problems elsewhere. 

The failure to obtain immediate results with the breeding of 
native and the introduction of foreign parasites should not discourage 
further attempts from being made, but should serve to stimulate 
interest until the right parasites have been found, as they inevitably 
will be if the work is started and continued in an intelligent and 
determined manner. It is most improbable that the eane-grubs of 
Porto Rico can be controlled by any one species of parasites, the 
ideal being to have parasites for each stage of their existence. A 
well-organized campaign, under good administration and with no 
lack of funds, should produce results within a few years sufficient 
to defray all expenses and leave a substantial balance in the pockets 
of the planters. 

The entire cost of establishing properly equipped laboratories on 
the north and south of Porto Rico, together with a good library 
and all other necessities at whichever was made headquarters, as 
well as all travelling expenses in connection with the search for 
parasites abroad and at home, could l>e borne by a tax of 25 cents 
for every acre under cane cultivation the first year, and considerably 
less during subsequent years. 

The sugar industry of Porto Rico loses not less than three million 
dollars every year through the ravages of stalk-borers, and to this 
must be added the loss due to white-grubs and wCevil root-borer, so 
that five million dollars would not be a too high estimate of the 
Island’s annual loss through sugar-cane pests. Many prominent 
sugar companies have been known to install outfits and processes 
ii^the mill at considerable cost, to increase the sugar output by about 
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0.1 per cent or eveu lees; and frequently these are done as a specu¬ 
lation. Surely, then, some similar investment might be made in 
the field (for, after all, the raw product—sugar cane—is the basis 
of the entire industry) which would probably yield a bigger per¬ 
centage of gain at less cost in the long run. 
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Appendix I 

(Note.—I n the following, an asterisk (*) bignifles that the Scoliid is not 
actually known to parasitise the grubs under field conditions, but has been found 
to do so experimentally.) 

A. Porto Bican Cane-grubs and their Scoliid Parasites, Where Known. 

Lachmostema portoriceiisis, Sm. 

Parasites: 

Dielis trifasciola, F. 

Dielis Oorsata, F. 

* Dielis pyrura, Roh. 

* Elis scanthonotus, Boh. 

Lachnosierna vandinci, Sm 
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Parasites: 

Unknown, probably the same as above* 
Lachnosterna guanicana, Sm. 

Parasites: 

Unknown. 

Phytalus apicalis , Blanch. 

Parasite: 

Elis haemorrhoidalis , F. 

Strataegus titanus, F. 

Parasite: 

* * Dielis atrata, F. 

Li gyrus tumulosus, Bunn. 

Parasite: * 

Dielis dorsata, F. 

B. Porto Bican Scoliid Wasps and their Hosts, Where Known. 

Elis haemorrhoidalis, F. 

Host: 

Phytalus apicalis, Black. 

Elis xanthovotus, Roh. 

Host: 

* Lachnosterna portorucnsts , Sm. 

Dielis atrata, F. 

H 08t: 

* Strataegus titanus, F. 

Dielis dorsata, F. 

Hosts: 

Ligyrus tumidosus, Bunn. 

Lachnosterna portoncensis , 8m. 

Dtclta pyrura , Roh. 

Host: 

* Lachnosterna portoncensis, Sm. 

Dt>7?a trifasciata, F. 

Host: 

Lachnosterna portoricensis, 8m. 

Appendix II 


LIST OP THE ROOLIIDAE OP THE WEST INDIES AND BRITISH GUIANA 

4 . 

The writer is greatly indebted to the Imperial Bureau of Entomology, Lon* 
don, England, for supplying the names of the majority & ihe species lis'ted 
below, these being represented by specimens in the collections of th6 British 
Museum (Natural History), whence tffe names were obtained. The list is as 
complete as the writer is able to make it. 

Elis haemorrhoidalis , F,—Porto Rico. 

E, ephippvum , F,—Porto Rico, Santo Domingo, Antigua, St. Thomas. 



366 THE JOURNAL OF THE DEPARTMENT OF AQEIOULTUBE 


E, nitida , Sm.—Porto Rico, Santo Domingo, Haiti, Cuba, Jamaica. 

E. lodkini, Turn.—Demerara. 

E. flavcpicia, Sm.—British Guiana. 

E. mnthonotus, Roh.(f syn. ephippium, F.)—Porto Rieo, Santo Domingo. 
E. sp, incert. (undetermined)—Santo Domingo. 

Plerombv a uiHianm, Turn.—Demerara. 

Tiphia cameroni, D. T., var.—Grenada. 

T. Nitida , Sm.—Jamaica, St. Vincent. 

T. argentipes, Cress.—Porto Rico, Cuba, St. Vincent. 

T. paraXlcla , Sm.—Barbados, Antigua, British Guiana. 

T. pun#tata> Robt.—Santo Domingo. 

Scolia (DiscoUa) guttata , Burm.—Trinidad. 

5. plumipes, Dru,—Porto Rico. 

Diehs atrata , F.—Porto Rico, Santo Domingo, Cuba, Jamaica. 

1). peregrina, Lep.—Dominica, Tobago. 

I), pyrura, Rob.—Porto Rico, Santo Domingo, Haiti. 

D. C08tali8 , I.ep.—British Guiana, 

D. tri fast tala, F.—Porto Rico, Santo Domingo, Haiti, Cuba, Jamaica. 
V. maculata, Dru.—Porto Rico. 

D. truincta, F.—Porto Rico, Santo Domingo, Cuba, Jamaica. 

D. tnnncta, F., var.—Trinidad. 

V. domain, F.— Porto Rico, Barbados, British Guiana. 



AN OVTBBIAX Of TBS BED-STRIPED SUGAR-CANE SCALE 

By H. L. Dozier, Chief Entomologist, Insular Experiment Station 

One of the mofjt interesting occurrences of the past year was the 
serious outbreak of a scale insect on sugar cane near Arecibo, some¬ 
thing heretofore unknown to have occurred on the Island. This scale, 
upon study, was found to be Pulvinaria iceryi Gu6rin, a species of 
which six individuals were reported on leaves of sugar cane at 
Cayky and Trujillo Alto. It was also reported by Smyth as being 
abupdant in 1919 on his can# grown in the greenhouse where possibly 
it was protected from its natural enemies. Smyth also reported an 
apparent 6.6 per cent success in transmitting mosaic with this insect, 
but his experiments need repeating under better control conditions for 
substantiation. In, addition to Porto Rico, the species has been 
recorded from British Guiana, Mauritius, and the Reunion Islands. 
The U. S. Bureau of Entomology has received specimens of this 
species from the southern part of Georgia (U. S. A.) on sugar cane 
on several occasions. 

It seems rather surprising that this species, after being bo long 
prjpent on the Island, should now suddenly show up in epidemic 
form. The only theory the writer can advance is that the species 
which has heretofore been held in check by its parasites was at last 
enabled to gain the upper hand by a sudden upset in the “balance 
of nature”. This theory is upheld by a study of the internal 
Uymenopterous parasites attacking this species during the outbreak. 

THE BED-STRIPED SUGAR-CANE SCALE 
(Pulvinaria iceryi Gu6rin = elongate Newstead.) 

On May 27th, 1925, a trip was made by the writer to Arecibo 
to investigate a reported oubreak of a scale insect attacking sugar¬ 
cane. It was found that an unfamiliar scale had attacked a block 
of forty-five cuerdas of young Rayada cane on the fyrm of Sr. Juan 
Santos, a colono of the Central Cambalache, about six kilometers 
fiom Arecibo on the main highway towards Mayagiiejs. This inject, 
had been first noticed by Sefior Job6 Oliver the latter part <jf April 
in a piece of first-ratoon cane, three months after cutting. At that 
time an average of about one hundred female scales were found to 
the stool over an area of about five cuerdas. This cane had been cut 

m 
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FIG. 1.—The Red-striped Sugar-cane scale Pulvinano xeeryx Gufain = 
clonqata , Newstand, on sngar-cane leaves. About natural slse. 

(Dozier) 
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-tile first of February and was attacked as it ratooned. The out 
ease from this field had yielded better than thirty-five tons per 
4 suerda average over the forty-five cuerdas. By the 7th of April 
the insect was found over the entire forty-five cuerdas. This entire 
field was then sprayed by the owner, using the old kerosene oil 
emulsion formula, one part of the stock to ten of water, and applied 
with a hand sprayer, about thirty stock gallons being used on this 
application. The cane foliage was not burned and apparently the 
application gave some good results. 

Oi^ the’day that the Entomologist inspected this field it appeared 
distinctly yellow in comparison with the other fields adjacent and 
in certain areas a large number of the older leaves were dead and 
dying and fairly well infested with the adult mother scales, beneath 
which were found large numbers of eggs and numerous newly hatched 
young. The yoipig larvae were very abundant, settling on the new 
foliage, and giving promise of more serious damage later. For the 
three months previous to this time no rain had fallen in that section 
and this sudden outbreak might have been connected in some way 
with this extremely dry period. 

Again, on June 26th, the writer made a survey of conditions and 
found that the insect was continuing its damage and in about as 
abundant numbers as before. At this time the adult females of 
whar was probably the third generation were very abundant and 
newly hatched crawlers were infesting the new foliage. A strip of 
about four cuerdas of this field was almost a complete loss .and active 
spray measures were being taken against the remainder. 


DESCRIPTION AND LIFE HISTORY 

The full-grown female scale is very much elongated, measuring 
fi.50 mm. in length and 2.50 mm. at its greatest width, and although 
rather flat as a whole is distinctly raised or convex with the surface 
entirely smooth. It is of a testaceous-yellow color with two rather 
narrow but well-separated, distinct reddish stripes running almost 
parallel for most of the body length. These two stripes make their 
appearance early in the life of the scale, being more or less distinct 
in the second instar larva and becoming more gongpicuous and 
prominent as the scale matures. These two reddish stripe^ serve 
as a ready means of identification Vind distinguish it from all of the 
other scales known in Porto Bieo. At times the sides of the full- 
grown scale have a more or less diffusion of reddish vein-like markings 
-outward from the two median longitudinal stripes.' After young 
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are produced these two reddish lines break up into rather faint 
irregular brownish markings, leaving the scale covering for the 
most part a testaceous-yellow in color. 



FIO. 2.—The Red-Striped Sugar-cane Scale, Pvlwnana useryt 
Oudrtn = elongata Newatand, on Sugar-cane leaves. About 
8 tines natural sin. (Dozier) 


The full-grown and mature female forms a cottony or mealy 
excretion beneath the scale covering which together with the sugar¬ 
cane leaf forms an ovisac and serves as a protection in which the 
eggs are deposited and where the young are protected after hatching 
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until they issue out from under the mother seale covering. The eggs 
are elongate-elliptical in shape, about twice as long as wide at the 
greatest width, measuring 0.416 mm. in length by 0.224 mm. width, 
and are of a pale dirty white color. Over one hundred eggs were 
counted beneath one scale. 

The male seale of this species is still unknown although a careful 
search has been made and much material put up in emergence boxes. 
Tn fact it seems that this species must reproduce itself partheno- 
genetically, that is, without the necessity of being first fertilized by 
the male.’ 

The newly hatched larva or “crawler” is a testaceous-yellow in 
color, elongate-oval in outline, measuring 0.528 mm. in length by 
0.208 mm. width, with a pair of antenna or feeler and a pair of 
long filaments projecting from its* hind end. The feet are well 
developed and the larva of most of the stages are very active and 
frequently change their feeding position on the leaf. In the last 
instar, however, the full-grown scale is stationary. The newly 
hatched crawlers react very positively to light and their favorite 
settling place is along the leaf in the lengthwise depressions and in 
most cases on the underside of the leaves. Very rarely do they settle 
and feed along the stalk of the plant. 

NATURAL ENEMIES 

Adults and young of the ladybird beetle, Cryptolaemus montrou- 
eieri, were abundant over the field feeding on the scales of various 
sizes and many were noticed feeding beneath the adult female scales 
where they had pushed them up off of the leaf. This beetle was 
imported from California into Porto Rico by Van Dine in 1911, 
bred in numbers and turned loose at various points on the Island, 
and is now after many years proving itself a very beneficial insect, 
attacking many species of scale insectB here. 

Material of this scale was placed in parasite-rearing boxes at the 
time of the first investigation with the result that three species of 
liymenopterous parasites were reared, a primary parasite, Aphycus 
flavus How; a secondary parasite upon this species, evidently diet- 
loneurus pulvinariae Dozier; and a few spesimens o£ a coccophagine, • 
Anerieius oeroplastq How. Lately from more material collected in 
July the most abundant parasite reared was Aneristtw ceroplasta 
and it was proved by dissecting the adult female scales that ‘this was 
a primary parasite. In examining parasitized scales some were found 
with as high as seven and eight emergence holm in them. Out of 
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275 scales examined on July 10th, 71 were found parasitized, or only 
28.7 per cent. With the first batch of material the Cheiloneurus 
was far more abundant than either of the primary parasites, a fact 
that probably accounts for the rapid rise and spread of the scale 
without effective natural control. 

The following descriptions and drawings are given to enable 
ready identification of the species of parasites concerned. 

Aphycus ( Euaphycus ) flavus How. 

The writer is indebted to Mr. P. H. Timberlake who, in making 
the identification of this species, states that although the type of 
flavus has apparently been lost, these specimens agree with what 
has gone in literature in past years as typical flavus. 

Female: The frontovertex is about twice as long as wide; the 
ocelli placed in an acute-angled triangle, the posterior pair 
close to the margin of the eyes. Antennae inserted near the 
mouth. Antennal scape flattened and narrow, four times sb 
long as wide at greatest width near the middle, pedicel as long 
as the first three funiele joints combined; first four funide 
joint subequal in length and breadth, the fifth slightly longer 
and the sixth distinctly longer; fifth and sixth increasing in 
width so that the sixth is nearly twice as wide as the first 
joint; club three-jointed, a little wider than the last funiele 
joint and nearly as long as the last five funiele joints com¬ 
bined. Forewings typical with the oblique hairless streak 
„ widened and interrupted below. Hind wings short, the mar¬ 
ginal hairs relatively long. Abdomen shorter than the thorax 
and of about the same width. 

General color of upper surface of body an orange yellow, 
the legs and underpart a paler yellow. Pronotum pale yellow 
with a fuscous dot on each comer. Antennae vellow, a longi 
tudinal streak or spot on the upper margin of outer surface 
of the scape towards its apex, the base of pedicel, the first 
three funiele joints, and the basal half of club, fuscous; the 
club a yellowish-white in apical half. Legs a uniform pale 
yellowish, the tarsal claws blackish. Wings hyaline with the 
veins yellowish. 

Length, exclusive of ovipositor, 0.70-1.20 mm. 

Male: Similar in coloration to the female except that the meta- 
notum, propodeum and dorsum of abdomen, especially towards 
apex, are embrowned. Antennae also similar in structure ex¬ 
cept that the joints all increase in width successively, the club 
is not three-jointed as in female; the entire flagellum is uni¬ 
formly dusky. 

Length, 0.640-0.840 mm. 

Reared in abundant numbers as a primary parasite from Pulvi- 
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naria iceryi on sugar cane at Areoibo, P. R., during May and July, 
1925. Aphycus flavug has been recorded by variohs workers as being 
reared from Toumayella liriodendri, 2'achardia sp., Pulvinaria pyri¬ 
form**, Coccm hesptridum, Ohrysomphalus diciyogpertni, Agpidiotm 
hecfome, and tSaissetia oleae. 

Ckeiloneurus pulvimariat n. sp. 

In the female sex this species resembles most closely C. inimioug 
Compere, but is distinguished by itB distinctly smaller size, its lack 
cf a black line on the ventral margin of scape, by having no metallic 
color on propodenm, and difference in wing venation. The male is 






rio. 3.— Chexloneunts pulvtnanae n. sp. Above, wing of female. Below, 
venation of fore wing of male and female, much enlarged. (Do/ier) 


more easily distinguished by having the eyes hairy, and the first 
funicle joint much longer and with more hair. 

Female: Head about one and one-half times wider than long; 
ocelli arranged in an acutely-angled triangle. Antennal scape 
slightly expanded below, nearly three times as long as widest 
width; pedicel triangular, as long as the first two funicle 
joints combined; funicle joints gradually widen so that the 
sixth is almost twice as wide as the first; first four joints of 
funicle about equal in length, the sixth a fourth longer than 
the fifth. Club three-jointed, oblongate, slightly wider than 
the scape and about the same length. Mesothoracic scutum 
about twice as wide as long. Seutelltun only slightly wider 
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than long with the characteristic tuft of black bristles. Pro- 
notum and mesoscutum very finely reticulated, with numerous 
setigerous punctures, the punctures of the silvered area being 
larger and elongate; mesoscutum set with eight strong black¬ 
ish hairs on hind margin; the scutellum is more distinctly 
and coarsely reticulated. Abdomen about same length as the 
thorax, with ovipositor sheath slightly exserted. Wing with 
characteristic embrowning and venation as in Fig. 5. 

General color yellowish-orange. Eyes dark. Antennal scape 
soiled yellowish with the margins slightly embrowned; the 
pedicel and first three funicle joints more or less distinctly 
fuscous, varying greatly in slide-mounted material; hairs of 
the first three joints darker and more prominent than those 
of the other funicle joints; fourth, fifth and sixth joints a 
testaceous-yellow. Mesoscutum testaceous yellow with two 
more or less distinct longitudinal, more orange-colored stripes 
passing through its length onto the scutellum, in slide-mounted 
specimens. The posterior third is crossed by a broad dark 
band that is overlain with an iridescent silvery sheen. Scu¬ 
tellum, metanotum, and propodeum yellowish with slightly 
darker color than the mesoscutum. Abdomen dirty yellowish 
with the basal segments and the apex of the laM segment 
embrowned. Femora and tibiae testaceous-yellow, with vary¬ 
ing degree of fuscous markings, forelegs with only slight in- 
fuscation along the dorsal margin of femora towards apex; 
middle legs with infuscation dorsally near knee; hind legs 
with dorsal sides of femora infuscated, the tibiae with a more 
or less distinct band across width on upper third and a blotch 
_ on disc of lower third, fuscous; all tarsi testaceous, the claws 
* dusky. 

Length, exclusive of ovipositor, 1-1.10 mm. 

Male: Antenae entirely different from those of female: scape 
long and slender, the pedicel very short, much shorter than 
the first funicle joint; funicle joints each distinctly narrowed 
towards distal end and furnished with partial whorls of long, 
diverging hairs as in illustration. The hairs on scutellum 
are not in a tuft as in female sex. I’roiiotura, mesoscutum, 
axillae, and scutellum distinctly reticulated. 

General color a dark brown, the legs lighter in part An¬ 
tennae with scape pale, the margins slightly embrowned the 
pedicel distinctly dark, and the flagellum uniformly light 
brown. Wings hyaline without markings. 

Length, 1-1.08 mm. 

Described from a series of balsam-mounted specimens, twelve 
females and two males May 28-31, 1925, one female and one male 
dune 6, 1925, and two females and three males July 10, 1925; all 
reared by the writer from Pulvinaria iceryi during severe outbreak 
of this scale on sugar cane at Arocibo. It seems certain that this 
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is a hyperparasite on the primary parasite of this scale, Apkyeus 
flaws, with which it was always reared. 

Types deposited in U. S. National Museum; paratype material 
in collections of the writer, P. H. Timberlake, and the Porto Riean 
Insular Experiment Station, 

The adult of the following parasite is very active and carries its 
abdomen at an elevated angle, a mannerism which is very charac¬ 
teristic of this species. 

Aneristus ceroplastes How. 

This species, the only American representative of the genus, was 
first described in 3895 from two female specimens reared by T. D. 



FIG. 4 .—Cheiloneurus ptdvinaria n. sp. Above, antenna of male. 
Below, antenna of female. Much enlarged. (Dozier) 


A. Cockerell from Ceroplastes sp. on Euphorbia hypericifolia from 
•Jamaica. Again in the same year Dr. Howard described Coccophagus 
orientalis from thirteen females reared by E. E. Green at Pundulaya, 
Ceylon, from Ceroplastes custiniformis, Lecanium viridis, Lecaniuirl 
coffees, and Dactylopius adonidum, with the statement that it “seems 
to be an abundant and general scale insect paradite in Ceylon”. 
According to Timberlake Coccophagus orientdUs is a synonym of 
Aneristus ceroplastes, and the species is widely distributed in -the 
Tropics, occurring in Hawaii, Philippines, Java, Ihdia, and the West 
Indies. A female of this species was reared by the writer in New 
Orleans, La., from Cocous hesperidum material on citrus, January 
35,1925. The male has not yet been described and the writer deems 
it best to give here a full description of both sexes. 
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Female: Resembles greatly a (Jocoophagus, being distinguished 
from members of that genus only by the shape and structure 
of the posterior tibiae. Head slightly wider than long. Eyes 
rather large, with scattered microscopic hairs. Ocelli placed 
in an equilateral triangle. Lateral and hind margins of vertex 
with prominent black bristles, the dorsal surface with smaller 
black bristles scattered over the surface. Upper surface of 
vertex somewhat coarse, the cells being pentagonal or quadrate, 
but with each hind corner at eyes the pattern becomes longer 
and more transversely drawn out. Scrobes deep and about as 
wide and long at the antennal scape. Antennae with scape 
about equal in length to the pedicel and first two funicle joints, 
inserted just above the mouth and reaching to middle of the 
face, somewhat flattened from the side, under high power 
large and coarsely reticulated; pedicel short, triangular, 
slightly longer than wide, distinctly and coarsely reticulated. 
The entire flagellum very much flattened with the longitudinal 
elevations very strong and numerous. First funicle joint twice 
as long as pedicel, somewhat longer than broad, slightly longer 
than the second; the second and third funicle joints each 
successively shorter but of about the same width; joints of 
funicle supplied with numerous stout bristles, dubvjistinctly 
three jointed, with the first joint a little broader than the 
funicle joints, the second and third successively diminishing 
in width, all joints subequal in length, the last tapering to 
a blunt point. Thorax shagreened and rather densely set with 
stout black bristles, under high power with distinct and coarse 
reticulated pattern on dorsum with exception of the propo- 
deum. Forewings nearly two and a half times as long as 
.broad, the surface set with bristles which are much stronger 
and more prominent on the clouded area; marginal vein very 
long and straight, the stigma very short. Legs with the hind 
femora very large and flattened, the hind tibiae also much flat¬ 
tened with a distinct row' of short stiff bristles along outer 
margin; middle tibial spur about as long as the first tarsal 
joint, which is decidedly longer than the first two tarsal joints 
combined. 

General color is black with slight purplish reflections. An¬ 
tennae dark brown with exception of the light colored scape. 
Wings hyaline, the forewings with a large discal fuscous blotch 
that extends completely across width of the wing. Legs black¬ 
ish-brown, the tarsi and tibiae of front legs whitish; posterior 
half of middle tibiae also whitish. 

Length, exclusive of ovipositor, 0.940-1.20 mm. 

The male differs from the female in haying the forewings en¬ 
tirely hyaline and the antenae pale in color; otherwise about 
the same as female in structure and coloration. 

Length 0.7-.760 mm. 

The writer has reared this species from Ceroplastes cirripsdi - 
formis material on Ficus, June 28, 1925, at Santurce; from same 
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scale on Passion flower vine at Bayamdn, July 3, 1925; from 
Saisettia haemisphaeria on avocado, June 16-18,1925, at Bio Piedras; 
from EucalymnatHs tessellatus on Calophyllum antillarum, June 21, 
1925, at Santurce; and in large numbers from Pulvinaria' iceryi on 
sugar cane at Arecibo. Of twenty-four specimens mounted, only 
five were males, showing a large preponderance of females, at least 
during those months. On July 10th many of the black pupae of this 
species were dissected out, the characteristic antennae making identi¬ 
fication easy. They occurred only one to a scale, causing a charac¬ 
teristic blackened area to appear which easily distinguished the 
parasitized scales from the normal healthy ones. 
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By Btuast T. Dabtobth 

The ultimate aim of Ornithology, to my mind, is to make use of 
birds to the limit of their capacity as servants of man. I believe 
that eventually we will know so well how to encourage and protect 
birds that they will he practically One hundred per cent efficient in 
protecting our forests and crops from insect pests, and that poison¬ 
ous sprays and other protective measures will he unnecessary in the 
vast majority of cases. But before we can know how to use birds 
lo their best advantage it is necessary to learn almost countless 
things about them. First of all we must know which birds ire 
injurious and which beneficial, and in what ways they are beneficial. 
For this we must have a complete knowledge of their food. We 
must learn in detail what particular habitat each species prefers, 
and what kind of a situation it requires for nesting. We must know 
what the enemies of each species are, and how they can be controlled. 
We must have exact information about the breeding season of each 
species. We must know the innumerable interrelations of each 
species with its neighbors and its environment. Indeed, there is 
almost no end to the facts which must be known about each species 
before it can be utilized to its fullest extent, and one never knows 
what seemingly insignificant bit of information may eventually 
prove to be of the most importance. The investigation upon which 
1 his paper is based was undertaken with the desire of discovering 
as many of these facts about a much-neglected group of Porto Rican 
birds as possible within the available time, and it is hoped that 
eventually our information will be so complete that they may be 
utilized to the fullest extent But we do not have to wait until 
that time to begin deriving benefits from them. We already know 
enough about them to utilize them much more fully than we do at 
present. Many of the most useful species in Porto Rico are sadly 

i A thesis presented to the faculty of Cornell University in partial fulfillment of the 
requirements for the degree of Doctor of Philosophy. 
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in need of more complete and efficient* protection. Better game 
laws are necessary, and strict enforcement of those already in effect 
if many species are to be prevented from extermination or from 
locommg excessively rare. Sixteen species of West Indian birds 
are already extinct and many others are verging upon extinction. 
It is to be hoped that the people of Porto Rico will act before it 
is too late to save some of its most valuable bird inhabitants. 

The field work upon which this paper is based was done during 
twenty months spent in Porto Rico. During the first period of 
nine months from October, 1921, to the last of June, 1922, bird 
work was of necessity confined to Saturdays and occasional holidays. 
During the second period of eleven months, from November, 1923, 
to October 1924, the whole time was devoted to Ornithology and 
related field work witli the exception of an occasional week in 
which attacks of fever prevented work. During such a short period 
it is impractical to work intensively in a large area. Therefore 
Cartagena Lagoon, which is at present the most important wdldfowl 
resort in Porto Rico, was chosen as the chief field of my labors 
Pird work done at other places on the Island was merely incidental. 

The author wishes to express his appreciation to Profes^r A. A. 
Allen for his helpful ad\ice and guidance throughout his work in 
Porto Rico and the preparation of this manuscript; to Professor 
A. H. Wright for his help and encouragement; to Professor O. D 
von Engeln for his ass stance in interpreting the physiographical 
aspects of the work and for his encouragement; to Dr. N L. Brit¬ 
ton of the New York Botanical Hardens for identifying most of the 
plants; to Dr Karl P Sehm'dl of the Field Museum of Natural 
History for his helpful advice and hindh interest in the herpeto- 
h>g ; cal phase of the problem; to Mr L L. Buchanan of the Bio¬ 
logical Survey, Mr A. J Mid elder of the American Museum of 
Natural History. Mr. James A G Rehn of the Academy of Natural 
Sciences of Philadelphia. Mr George \ T Wolcott, formerly of the 
Torto Rico insular Experiment Station, Air W L Me A tee of the 
Biological Survey, and to Mr. TT G. Barber of Roselle, N. J., each of 
whom has identified one or more insects which are mentioned in this 
paper; to Dr Mary J. Rathlmm of the U R National Museum for 
identification of the Crustacea; and to Dr A Alvarez of Mayagiiez, 
P. R, and Mr. Luis H. Mendoza of Cabo Rojo, P. R., for sending 
me certain additional specimens for which necessity arose during 
the writing of this paper Others too numerous to mention have 
sided in one way or another, and to them also I wish to express 
my appreciation for their valued assistance. 



PART I 


GENERAL ACCOUNT OP PORTO RICO 

Porto Rico is the smallest and easternmost of the Greater Antilles. 
It lies between 17°54' anti I8°33' North Latitude and between G5°13' 
and 67°16' West Longiture. It is in the same latitude as Jamaica, 
British Honduras and the northern part of Guatemala. It is about 
1,450 miles from New York, and 450 miles from the nearest part of 
Venezuela. The Island is nearly rectangular, 113 miles long and 
40 miles wide. Its area is 3,670 square miles, which is about four 
fifths that of Jamaica, seven-tenths that of Conncticut, or three times 
that of Rhode Island. The coast line measures about 360 miles, the 
north and south sides being nearly parallel, while the east and west 
shores are more irregular. The northern coast of Porto Rico rises 
abruptly from the sea, in fact Brownson’s Deep, which is 24,000 
feet in depth, and said to he the deepest spot in the Atlantic Ocean, 
lies less than 100 miles north of Porto Rico. Slightly further to 
the south of Porto Rico, in the Caribbean Sea, lies Tanner’s Deep, 
extending 15,000 feet downward Thus Porto Rico may be regarded 
as a badly eroded summit region of a great mountain mass. 

Almost the entire surface of the island is covered with mountains 
of various heights and shapes without any apparent system of 
arrangement Most of them are not very hi-h. The highest peak 
is El Yunque (in the northeastern part of the Island'), which rises 
to a height of 4,805 feet. The only other peaks which are known to 
exceed 4,000 foot are a few near Jayuya, in the center of the Island, 
<me of which, unnamed on the maps, reaches a height of 4,440 feet. 
Notwithstanding this apparently confused arrangement of the moun¬ 
tains there is a distinct watershed which divides the Island into two 
unequal parts This divide extends from Mayagiicz on the west to 
Huraacao on the east, with a branch extending northeastward to El 
Yunque. The part of the divide from Mayagiiez east to Aibonito 
is known as the ‘‘Cordillera Central”; that from Iluinacao to Aibo- 
nito as the “Sierra de Clayey”, and that from El Yunque to nu- 
macao as the “Sierra de Luquillo”. About one third of the Island 
is south of this divide and two-tliirds north of it. *Tn places the 
mountains and sea meet abruptly, but in most places there is a 
narrow coastal plain, and a few broad valleys extend well inland. 

There arc no lakes in the momitaiuous interior of the Island 
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except the recently completed Guayabal Reservoir near Vilialba. 
In the coastal plain are some salt-water bayous and mangrove swamps, 
and a few more or less temporary fresh-water lagoons, which will 
be discussed at length later in this paper. 


Porto Rico and the other Antilles were, according to geologists, 
formerly joined to each other and to North America, forming a 
continent known as Antillea. Then a great subsidence occurred, 
leaving only Ihe mountain tops above water \ftcr awhile an uplift 
took plaee, and the old continent reappeared The sediments which 
appeared during the period of submergence were then folded into 
huge mountain systems. Then came another but lesser subsidence 
which resulted in breaking up the continent into Ihe island groups 
as they occur at present Jamaica was the first to he separated, 
then Tuba, and afterwards Haiti and Porto Rico . 

The central mountains are composed mainly of volcanic materials 
(tufas and conglomerates), which have been sorted and laid by water, 
with occasional intrusions of blue limestone The\ are aiainly of 
Cretaceous age All 1 he rock material is weathered at the surface 
in the humid regions, due to the great amount of precipitation and 
the high temperature, forming a deep mantle of red clay, which is 
so tenacious that it can maintain itself in an almost vertical posi¬ 
tion. The foothills are white limestone of marine origin, and are 
all of late Tertiary and Pleistocene age The coastal plain deposits 
are alluvial formations, usually of a rich, dark-brown sandy loam. 

pii\Mio<;ii\Piiir HiKTom or roirro uu'o 

According to Lobeck (1922^ Porto Rico is probahlv essentially 
a block or liorst bounded by faults The oldland was a complex 
mountain mass composed of igneous rocks. Under the influence of 
subaerial erosion this oldland was reduced to a rather perfect pene¬ 
plain except for two groups of Monad nocks, which are the Luquillo 
Mountains at the east of the Island, and the Cordillera Central, 
which crosses the Island from east to west. This first peneplain 
was then uplifted, and a new cycle of erosion started. Then a sub¬ 
mergence occurred and a coastal plain was deposited on the north 
and south sides of Porto Rieo. Another uplift then occurred, and 
initiated the dissection of boHi the coastal plains. After this dis¬ 
section the entire coast suffered a slight submergence, supposed to 
have been caused bv the melting of the continental glaciers at the 
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close of the Glacial Period. Recent changes which have taken place 
since this submergence include the deposition of alluvium along 
stream courses; the building of extensive alluvial fans along the 
south coast, and the silting up of bays. Finally there is some evi¬ 
dence of a slight emergence now taking place. 

CUM\TK OF PORTO RICO 

Although Porto Rico is well within the tropics, its climate, except 
thal of the west end, is not so torrid as might be expected, as it is 
modified by the North Atlantic trade winds, of which it is in the 
direct path These trade winds blow from the northeast with 
remarkable constancy throughout the year, so they have hut little 
effect on the western end of tlu Island Their velocity rarely varies 
from a yearly average of eleven miles per hour, except in July, 
when the velocity increases to thirteen miles, and in October and 
November, when it falls to about nine miles March is also a month 
cf very light winds 

Thunderstorms are not very frequent, nor are they usually very 
\iolent <>u a er\ rare occasions they are accompanied by hail. 

Mam hurricanes pass near Porto Rico, hut the centers of few 
cross over the Island The most notable of recent years were those 
of August S. 1809 and September 13, 1921 In the summer of 
1924 three passed close to Porto Rico, hut brought only gentle wind 
and ram there One of them did considerable damage in St. Thomas, 
eighty miles east of Porto Rico, but ill the latter island the effects 
were scarrely noticeable 

Th< l T S Weather Bureau records for more than forty stations 
show an annual average temperature of 7G.3 C During the coldest 
virile* months the average is 73°. and during the hottest summer 
it iv 7°° The daily range of temperature is much greater than 
the seasonal The difference between afternoon and early morning 
Temperatures may be as great as 2b' The maximum temperatures 
leoge f rom 90 to 9.V at the more elevated stations, and 95° to 
lop along the coast and in the valleys. The minimum tempera- 
Mires range* from r>0' in 55° at the higher elevations, while a mini¬ 
mum of (io° is rarel\ reached on the coast The lowest recorded 
mountain temperature is 43 c 

Rico small as it is, has a topography which causes an 
extreme variation in the amount of precipitation in-different places 
almost if not quite as great as can be found in the whole of the 
United States The entire south side is dry enough to make irriga¬ 
tion necessary to grow crops, the annual precipitation varying from 
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20 to 45 inches, while on the north side it ranges from 55 to 135 
inches The highest average rainfall is in the Luquillo Mountains 
(135 inches) wilh a maximum record in 1001 of 169 inches. On 
the south coast there is a record of thirteen months when not an 
inch of rain fell at Guavama, and of a period of three years when 
no rain fell at Oaho Rojo The average number of days when rain 
falls for the Island as a whole is 169, with a minimum of 28 at 
Guanica arid a maximum of 311 in the Liiquillo Mountains. 

The average humidity for the Island is about 78 per cent, vary¬ 
ing from a minimum of 75 per cent in the driest month to a maxi¬ 
mum of 81 per cent in the most humid month 

In many parts of the Island the rainy and dry seasons are not 
well defined Rain> mav occur at any time of the year, although 
the minimum rainfall is in February and the maximum during the 
summer months 1 In the western part of the Island the rainy and 
dry seasons are more distinct. In Mayagiiez the rainy season is 
usually from May or dune until November, although it is rather 
variable In tlie semiarid southwestern part of the Island the rainy 
season is shorter, generally occurring from September to November. 
At Mayagiiez occasional rains occur in winter, and there are often 
summer days without any rainfall. 

EFFECT OF DENSE POPPL\TlO\ ON WILD LIFE 

The population of Porto Rico according to the census of 1922 
was 1,299,809, or at the rate of 392.14 persons per »juare mile. 
This is a denser population than that of any state except Rhode 
Island, Massachusetts and New Jersey, and is not conducive to very 
favorable conditions for birds, particularly as 79.9 per cent of the 
population is rural That the distribution of the population is 
remarkably even is shown by the fact that the centers of area and 
population are less Ilian five miles apart There are almost no 
spots on the Island where one can be out of sight of human habita¬ 
tions Owing to this overpopulation, practically every foot of arable 
soil is under cultivation, even to the tops of many of the higher 
mountains, and very little of the original forest remains Only four 

1 Editor's Noth.—D r Oliver U Fnssig, Chief of On* West Indies Climatological Serv* 
ice, in his article “'Ihe Oliraatr of Torto Rico” m “Tho Book of Porto Rico”, page 29, says, 
referring to ra.nfall* “The maximum generally falls m September along the north coast, 
while in flic mountains of the lnfmor the time of maximum occurs in one of the summer 
month* or as <arl> as May" 
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small tracts are known to me: One on El Yunque, another in the 
mountains near Maricao, the third a very small patch of private 
forest reservation on the north coast at Sardinera, and the fourth 
a still smaller patch south of Pueblo Viejo. 

BIRD Lirn OF PORTO RICO 

Tlie avifauna of the West Indies is noted for its paucity of 
species as compared with places in corresponding latitudes on the 
mainland. As might be expected, Porto Rico has even fewer species 
than the other Greater Antilles. This is on account of its smaller 
size and its comparative remoteness from continental land areas. 
Only about 150 species of birds are now found on the main Island 
of Porto Rico, and many of them arc very rare or local in their 
distribution. Nearly 70 of the species are migrants, and 24 species 
are peculiar to Porto Rico. Although the species of birds are 
relatively few, the number of individuals is large, a certain few of 
the species, such as the Honey Creeper, the Gray Kingbird, the 
Porto Rican Gracklc and the Carib Grassquit being exceedingly 
abundant. On the other hand, many species such as the Porto Rican 
Short-Eared Owl, Parrot, Crow, Limpkin and the Blue Pigeon are 
upon the verge of extinction. The owl and pigeon may already be 
extinct. 




PAST n 


CARTAGENA LAGOON AND ITS FLORA AND FAUNA 

CARTAGKNA LAGOON 

Geographically, Cartagena Lagoon is situated in the southwestern 
corner of Porto Rico, about two miles west of Lajas, five miles east 
of Boqneron, and a half a mile south of Desengano switch on the 
Cabo Rojo branch of the American Railroad. Its latitude is 18°01' 
North, its longitude 67°06' West. The lagoon is approximately one 
and a third miles long and a half a mile wide, although at times of 
especially high water its extent may temporarily be somewhat 
greater. 

Parts of Cartagena Lagoon are included in three different sugar 
estates The eastern end (east of a wire fence which crosses the 
lagoon), belongs to Senor Don Carlos Val; the remainder is owned 
by Senor Don Jacobo Cabassa, with the exception of a small area 
in the northwestern comer, which belongs to Senor Don Ernesto 
Forestier. The owners are at present considering draining the la- 
goon to convert it into canefields, but for the sake of the wild life 
of tip- Island it is to be hoped they will not do so. Unless water 
were brought from the mountains their venture would doubtless not 
be very successful, since under present conditions the growth of 
cane in the nearby field is dependent upon water pumped from the 
lagoon during a large part of the year. 

The lagoon is situated in the broad Yauco-Boquer6n anticlinal 
valley This is a rather remarkable valley twenty-one miles in 
length, and approximately three miles wide at its widest point. 
It runs in an east-west direction, and at present is not occupied by 
any stream in the greater part of its length, and only by the small 
and intermittent Boqueron River and its tributaries at its lower 
end. According to Mitchell (1918) this valley was eroded almost 
to its present extent before the Tertiary period by ttye action of a 
large stream having its sources in the mountains near Yauco. But 
then the Guanajibo River pushed its headwaters back and captured 
the streams which were flowing into the Yauco-R0qner6n Valley, 
leaving it dry. Water gaps now mark the spots where this stream 
piracy took place. The southern side of this valley is a wall formed 
by San Germkn limestone and tuff, but the northern boundary is 
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less strongly set off from the low hills of the mountainous region. 
The valley is formed principally on tuff. To the north is a region 
of low hills, while to the south a single ridge of low hills separates 
the valley from the Caribbean Sea. Parts of Mariquita (or Tinaja) 
and Paquita Hills lie directly south of the lagoon. These hills are 
formed of San Germ&n limestone and Upper Cretaceous tuff, with 
streaks of Upper Cretaceous shale. Cartagena Lagoon is merely a 
low spot in this valley. The valley has a gentle slope from sea level 
at Boquer6n, so that the elevation of the lagoon is about twenty feet 
shove sea level. 

Cartagena Lagoon has no inlet except immediately after a heavy 
rainfall when several small and temporary streams flow into it, and 
it has no regular outlets, although at times of very heavy rainfall 
it occasionally overflows, and its excess waters reach the tributaries 
of the Boqueron River, and flow thence to the sea. 

Two other lagoons exist in this valley to the east of Cartagena 
Lagoon, namely Anegado and Gu&nica Lagoons. These are broader 
and shallower than Cartagena Lagoon, and are more irregular in the 
seasons at which they contain water. An extra rainy season may 
fill them up so much that they ma\ contain water for o^8r a year 
at a. stretch, as in 1921 anti 1922, or they may be dry for two or 
three consecutive years, as in 1923 and 1924. Much of the time the 
beds of these lagoons are so dry that clouds of dust are raised when 
a horse gallops across them. Cartagena Lagoon at its driest has an 
oozy mud bottom. In addition to the lagoons of the Yauco-Boque- 
r6n Valley I know of but one other fresh-water lagoon on the Island 
(Laguna Tortuguero, on the north coast). However, the recently 
constructed Guayabal Reservoir, near Villalba, forms a fresh-water 
lake of fair size. 

The bottom of Cartagena Lagoon consists of •alluvial clay which 
holds the water caught at times of heavy rainfall until it disappears 
almost solely by the process of evaporation, which is very rapid in 
this semiarid region. Nevertheless the lagoon catches so much water 
from each rainfall that it very seldom dries up completely. Until 
1923 it had never been known to do so, but it dried up completely 
in the summer of 1923 and again in July 1924. In addition to the 
water which disappears by evaporation, much water is pumped from 
the lagoon during the drier parts of the year for irrigating the nearby 
canefields. Most of the pumping is done from March to September 
(in 1924 it was begun on March 11). 

The reason for the semi-aridity which the region around Carta¬ 
gena Lagoon shares with the entire southern coastal plain is that the 
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prevailing northeast trade winds have to pass over the high Cordi¬ 
llera Central before reaching this part of the Island. The moun¬ 
tains extract the moisture from the winds, causing heavy precipita 
tion on the mountains, and causing'the winds to he drying rather 
than moisture-bearing winds when they reach the valley. Their 
drying effect is so great that on the coast two miles from the lagoon 
salt is made by the open-air evaporation of seawater. The extreme 
southwestern tip of the Island verges on actual aridity. According 
to the official records, for a period of three years no rain fell at 
Cabo Rojo Lighthouse. 

At Cartagena Lagoon occasional showers occur at any Beason of 
the year, but very few of them outside of the rainy season bring 
sufficient precipitation to cause water to flow in the temporary streams 
which feed the lagoon. The rainy season, if such it can be called, 
begins in September and lasts until November. This does not mean 
that it rains very often in this period, but that it is during this 
period that the few heavy rainfalls which occur during the year 
always take place. During this period the lagoon always fills to the 
brim and sometimes to overflowing, and then the process of evapora¬ 
tion begins. Just before the beginning of the “rainy season” it is 
often nearly dry. 

When the lagoon is full the water is five feet deep at the deepest 
part, while the average depth is from two to three feet. But un¬ 
derlying all is a layer of oozy mud varying from a few inches to 
four feet or more in depth. However, there are but few parts where 
i* is unsafe to go on this account, and there* are but few records of 
people having lost their lives. Pigs and goats, however, often become 
mired, especially when the lagoon is dry or nearly so, and the sun 
bakes a thin crust over the top of the mud which deceives the ani¬ 
mals. In August, when the lagoon is at this stage, myriads of small 
migratory shorebirds sworm over its surface, and the waterfowl aTe 
forced to the extensive mangrove swamps and salt water lagoons of 
the coast. When the first showers of the rainy season, during the 
latter part of August or the early part of September, bring enough 
water for their needs they come trooping back, and it is the turn of 
the hordes of shorebirds to seek other and more hospitable regions. 

PLANTS AND ANIMALS OF OAHTAGKNA LAGOON 

* i 

PLANTS 


In a study of bird ecology plant societies are one of the most 
important factors. Before discussing the distribution of the plants 
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at the lagoon, however, a few general statements about the flora of 
the southwestern part of Porto Rico are pertinent As this region 
is semi-arid, the vegetation is more sparse than in most parts of the 
Island. Except near the watercourses, which, of course, are only 
intermittent streams, tall trees are scarce, and most of the vegeta¬ 
tion is brushy, much of it having quite a close superficial resemblance 
to the sage brush of the western states. Cacti abound on the higher 
land, and m places grow in profusion right to the edge of the sea. 
Coconut palms fringe the beaches, but are scarce farther inland. 
In places where the brush does not grow there are a number of 
species of drought-resisting grasses and herbaceous plants. Bamboos 
and fair-sized trees line many of the water courses, and occasional 
tall trees are found in other places. Porto Rican Royal Palma 
(Roystonea borinquena ), seem to resist drought fairly well, but are 
not nearly so common as they are in more humid regions. 

At the lagoon the succession of the plant associations is quite 
distinct, though somewhat complicated by the great seasonal changes 
in the amount of water together with the fact that it is always the 
'‘growing season ’’ for plants in Porto Rico. 

Plant Associations of Cartagena Lagoon 

1. THE OPEN WATER ASSOCIATION 

This association includes the open part of the marsh. It is con¬ 
tinuously covered with,water except when the lagoon is dry or very 
nearly so Plants which cannot grow in deep water do not get a 
foothold here. Without querrtion the dominating plant of this as¬ 
sociation is Xaias guadeloupenxts. It is found everywhere in the 
open water, and almost completely chokes the lagoon by the time it 
Incomes half dried up. After that stage it is impossible to use a 
boat in the lagoon From December to May Pistia is exceedingly 
abundant, mostly floating around near the borders of this associa¬ 
tion. but vhen low water comes it seems to disappear. Lemna is 
also very common at times of high water, and a green alga becomes 
quite abundant as the lagoon is drying up. A list of the more im¬ 
portant plants found in this environment follows: 

1. Naina guadeloupensis (Spreng) Urban 

2. Pistia stratiotes L. 

2. Ceratophylhtm der^erswm L. 

4. Casfalia pulchella (PC) Britton 

3. Cast alia ampla Salisb. 

6. Lemna perpusttla Torr. 
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The plants of this zone are important in the ecology of bird life 
by supplying forage for the grebes, some of the ducks, the Porto 
Rican Coot and the Porto Rican Gallinnle. In fact, almost the en¬ 
tire food of the Coot and Gallinule consists of the stems and leaves 
of Naias. These plants «1ro supply food indirectly by harboring the 
larvae of many aquatic insects which are eaten in considerable num¬ 
bers by many of the marsh-inhabiting birds. 

No birds are restricted to this environment in their nesting, but 
the species which occasionally nest here are the Pied-billed Grebe and 
the Black Necked Stilt, the latter species only nesting here when 
driven from its normal breeding ground. 

n. THE CAT-TAIL ASSOCIATION 

This association is very distinct, and contains but one species 
of plant (Typha angustifolia L .) There is almost no mingling with 
other societies. Wherever cat-tails are found in the lagoon, no 
plants intervene between them and the open water. In fact, cat-tails 
occupy many of the deepest parts of the lagoon. The probable 
explanation is that they cannot thrive in other spots at times of low 
water They grow much taller than any plants of the same species 
T have seen jn temperate regions, those in the deeper parts of the 
lagoon attaining a height of from eighteen to twenty feet. The 
country people cut them in large quantities at times of low water 
and use them for roofing their huts, where they are said to last four 
or five years. The native name for plant is Jlinea (even). 

Birds which nest in this environment almost exclusively are the 
Least Grebe, Least Bittern and Purple Gallinule. Others which 
commonly nest here, but are by no means restricted to this environ¬ 
ment are the Porto Rican Coot, Porto Rican Gallinule, Allen’s Ruddy 
Duck, Pied-billed Grebe, Porto Rican Zenaida Dove, Porto Rican 
Grackle and Porto Rican Golden Warbler. 

The cat-tails offer no forage except the insects which they shelter. 
Their leaves and seeds are much used in nest construction. 

m. THE SEDGE ASSOCIATION 

This association follows the cat-tail association wherever present, 
and where absent borders on the open water association. It could 
more properly be called the Persicaria association,.as these plants 
are more abundant than the sedgei, but the dividing line between 
the Pexsicarias and the grasses is not so distinct as that between 
the sedges and the grasses. Persicaria is probably the most abundant 
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plant at the lagoon. The first three species listed below are the 
dominating plants in this association: 

1. Persicaria i portoricerpis (Bert.) Small 

2. Cyperus giganteus (Vahl).' 

3. Eleoeharis interstincta (Yahl) R and S. 

4. Cyperus articulatus L. 

5. Sphenoclea zeylanisa Gaerten. (On the south shore only) 

'Phis is the preferred breeding ground of the Pied-billed Grebe, 
Allen’s Ruddy Duck, Porto Rican Gallinule and Porto Rican Coot, 
and probably of the Yellow-bellied Rail. Black necked Stilts also 
breed quite commonly here, though reaching their optimum in the 
grass association. 

The seeds of Persicaria are important food items for many species 
of water and shore birds. Otherwise this association furnishes little 
forage, except for insects, which abound in its shelter. 

IV (1RASS \S80CIATION 

This association is very extensive at the east or shall^jjv end of 
the lagoon, and there marks the transition from the marsh proper 
to the marsh border. At the deeper end it is of very small extent, 
and is soon followed by the Pluckea association. The grass associa¬ 
tion is characterized by grasses and by Sesban emerus (a leguminous 
herbaceous shrub). The following are the characteristic plants of 
this zone: 

1. Panicum yeminatum Forsk. 

2. Ilymeuachne amplericaulis (Rudge) Nees 

3. Sesban emerus (Aubl.) 

The seeds of JJymenarhne amplexicaulis have the annoying faculty 
of digging their way into the flesh when one comes in contact with 
them while wet, and producing a strong stinging sensation. When 
these seeds are ripe, principally in September, wading in the grassy 
.area is anything but a pleasure. 

In this society most of the Black-necked Stilts nest. The Porto 
Rican Coot and Porto Rican Gallinule often nest here, and sometimes 
the Bahama Duck and Allen’s Ruddy Duck. 

This association is also much used as a feeding ground, especially 
by ducks, herons and certain shorebirds. Many seeds and insects are 
obtained here. A species of weevil, ( Tyloderma sp.), which attacks 
Sesban is very frequently eaten by many species of birds. 
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y, FLUGKSA ASSOCIATION 

This society forms the transition zone from the marsh proper to 
the border at the deeper west end of the lagoon. At times of high 
water there are about two feet of water in this area, but for about 
half the year it is high and dry, so that dry land forms which are 
resistant to a large amount of water form a dense mat of vegetation 
here The most characteristic plants are as follows: 

1. Pluckea purpurascena (Sn) DC. 

2. Jussiaed repms L. 

3. Asclepias curassavica L Red Milweed or Bloodflower; 

Algodoncillo. 

4. Nymphoides huniboldtiavvx (HBK) Kuntze. Water Snow¬ 

flake. 

5. Verbesiva alba L. 

6 Cv scuta indecora Choisy. Dodder. 

Very few birds nest in this habitat, the only nests I have found 
here being of an occasional Porto Rican Gallinule and Coot, and one 
of a Porto Rican Golden Warbler. It is used more as a feeding 
ground, as a varied assortment of seeds and insects can be found 
here. During the winter it is the almost exclusive haunt of the 
Sora Rails. 

VI. OPEN FIELDS ASSOCIATION 

On the north and west sides of the lagoon the grass and Pluckea 
associations respectively merge into the open-fields association. This 
is a region of level fields on the floor of the extinct river valley, 
mostly planted to sugar- cane. The water for irrigating the cane is 
pumped from the lagoon. Extensive areas immediately bordering 
the lagoon are left uncultivated, largely because they are overflowed 
occasionally at times of extremely high water. Here Lippia repans 
and the grass ('bloris paraguaiensis are the dominating plants. An 
occasional Porto Rican Royal Palm breaks the monotony of the Adds. 
The principal plants found here are: 

1. TAppia repans HBK. 

2. Chloris paraguaiensis Steud. 

3. Panieum barbinode Trin. Malojillo. 

4. Boystonea boringuena Cook. 

This is the nesting ground of th^Porto Rican Grasshopper Sparrow 
and the Antillean Killdeer, and where the taller Panieum grows, of 
the Bahama Duck, though most of them nest at a greater distance 
from the lagoon. It is also used extensively as a feeding ground 
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for many species of birds, especially when the fields have been newly 
plowed. 


VH. TAOHOBLO ASSOCIATION 

At the shallow east end of the lagoon the grass association ends 
in a grove of yellow-flowered leguminous Tachnelo trees. This grove 
is about one acre in exteut, and is a practically pure stand of Ta- 
chuelo [Pictetia aculeata (Vail) Urban], The branches of many of 
them are densely covered with the epithyte Tillxmdsia polystacyra L. 
In these trees Jamaican Mockingbirds, Porto Bican Qrackles, Anis, 
and an occasional West Indian Green Heron nest. It is not used as 
a foraging ground as much as one might expect, probably because 
the variety of seeds and insects offered is not great. 

VIII. varronia association 

On the south side of the lagoon, where the land rises quite 
abruptly from the marsh, there is only a narrow strip of the grass 
association, and this is followed by the Varronia association. This 
society is formed mainly of drought-resisting shrubs, witb%ere and 
there a few herbaceous plants or a taller tree. By far the com¬ 
monest shrub is Varronia angustifolia. The dominant plants found 
here are: 

1. Vorronto angustifolia West. 

2. Eicinella ricinella (L) Britton. 

3. Larttana vamara L. (Red Sage. Yellow' sage). 

4. (iuazunut ulmifoha l-itirn. (West India Elm). 

5. Spondias mombin L. (Jobo). 

6. Bucida, buceras L. 

7. tfolanitm torvum L. (Wild Eggplant. Berenjena Oima- 

rrona). 

8. BromeHa pingvin L. (Maya). 

9. Momordica zeylanica 

10. Abrus abrus (L) W. P. Wight. (Wild Licorice. Grabs’ 

Eyes. Peronillas). 

11. Eeptunia plena L. (?) 

12. Peiranisia polyphylla Britton and Bose. Betama prieta. 

This is the principal breeding ground of the Porto Bican Ground 
Dove, Ani, Gray Kingbird, Yellow-shouldered Blackbird, Porto Bican 
Grackle, Carib Grassquit, By rant’s Grassquit, Jamaican Vireo and 
Jamaican Mockingbird. It is also a rich foraging ground, for seeds 
and insects are abundant. 




PIG. 3.—Bamboo Association (to left) and lower end of Cartagena Lagoon 










FIG. 4.—Gu&nica Lagoon, October 3, 1924 



FIG. 5.—Gu&nica Lagoon, October 3, 1924 
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IX. BAMBOO ASSOCIATION 

Although this association does not strictly speaking belong to the 
lag oon, it is necessary to consider it in an ecological study of the 
lagoon. It consists of the vegetation fringing the steep banks of 
La Quebrada, one of the tributaries of the Boquerdn River -which 
passes within a few hundred feet of the lower end of the lagoon, 
though not connected with it except at times of very high water. At 
such times it occasionally overflows its banks and some of its waters 
flow into the lagoon. On the other band, when the lagoon is excep¬ 
tionally full some of its surplus water spills into La Quebrada, and 
is carried through the Boquer6n River to the sea. Like most of the 
streams in this part of the country, La Quebrada is nothing but 
a dry stream bed most of the time, but after heavy showers its 
volume is so great that it cuts a deep valley. Bamboos have been 
planted to help retain the walls of this valley and to prevent the 
stream from washing away the adjacent cane fields. A few other 
trees and a few herbaceous plants have sprung up among the bam¬ 
boos, forming a dense but narrow strip of vegetation on each bank. 
Some of the principal plants found in this association are: 

1. Bambusa vulgaris L. Bamboo. Bainbu. 

2. f'ordia nitida (Vahl). Cerezo. 

2. Spondias mom bin. L. Jobo. 

4. Mangifera indica L. Mango. 

5. Andiva ineuris HBK. 

6. (,’issus sicyoides L. 

Many of the lagoon birds come here to breed, and others include 
this association in their feeding range. It is the principal breeding 
ground of the West Indian Green Heron and of the Ani. Others 
which nest here are the Gray Kingbird, Jamaican Mockingbird. 
Porto Rican Golden Warbler, Jamaican Vireo and Porto Rican Honey 
Creeper. Little Blue Herons, Water-thrushes, Spotted Sandpipers 
and Porto Rican Ground Doves feed here extensively. This is the 
best place in the vicinity of the lagoon for migrant warbles. It is 
of especial importance to the bird'life of the lagoon because it is the 
nearest dense shelter available. 

SUCCESSION 

Conditions in the marsh are far from static. When I returned 
to the marsh in November, 1923, after an absence of nearly a year 
and a half I was impressed with the fact that the cat-tail area was 
much smaller than it had been. On more careful scrutiny other 
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changes could likewise be noted. In most places sedges were re¬ 
placing cat-tails and grasses were replacing sedges, and at the west 
end of the marsh the plants of the Plnckea association were en¬ 
croaching upon the cat-tails. All were tending to fill in the marsh. 
But the regularity of this succession is not so great as would be 
expected in a northern cat-tail marsh. This is largely due to the 
periodical drying up of the lagoon, which gives some of the marsh 
border plants a chance to obtain a foothold in the marsh at times 
of low water. For example, some grasses straggle out into the 
open-water association, and in all the associations there is a greater 
intermingling of types than one would expect in a marsh where 
conditions were more uniform. During my absence the very shape 
of the lagoon had been changed. Very likely at this writing it has 
changed a good deal since I mapped it in the summer of 1924. Many 
years of observation are necessary for a detailed understanding of 
the succession. The accompanying map was made to aid in follow¬ 
ing these changes from year to year. 

ANIMALS OF THE LAGOON 

Mammals 

Mammals are few in species at the lagoon as in the entire Island. 
There are no indigenous terrestrial mammals living in Porta Rico 
to-day, the mammalian fauna being limited to marine forms and 
bats, together with a few introduced terrestrial mammals. 

The following mammals have been recorded from Cartagena 
Lagoon: 

1. Nyctinomux murvnus Gray. Furry-winged Free-tailed Bat. 
Three specimens of this bat were collected in an old house near the 
lagoon on September 27, 1924. Only two species of bats have been 
collected near the lagoon, but probably others occur at times. Both 
of them are insectivorous. 

2. Molassus fortis Miller. Smooth-winged Free-tailed Bat. One 
specimen was collected August 20, 1924, and four on September 27, 
1924, in old houses near the lagoon, from whence they issue at night 
to feed over the lagoon. Among those collected on the latter date 
was a young one which had attained nearly half adult size, but it 
bad no teeth or fur as yet. 

3. Herpestes birmanicus Thomas. Mongoose. The Mongoose is 
an introduced species which has become exceedingly common over 
the entire Island of Porto Rico. It has practically exterminated 
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snakes, which used to be very common in Porto Rico, and has also 
been m a k i ng great reductions in the number of ground lizards and 
ground-nesting birds. It is very common at the lagoons, and is one 
of the worst enemies of the birds. It hunts over any region where 
the water is not deep enough to necessitate actual swimming, and 
thus occurs in all the plant associations except the open water as¬ 
sociation, and very often even there at times of very low water. It 
makes way with many eggs and young of such birds as the Gallinule 
and Coot, and probably with the adults of smaller species. I have 
seen one glide up behind an adult West Indian Green Heron and 
make a spring at it, but the heron realized its danger just in time 
10 take hasty flight to safety. The Mongoose should be exterminated 
wherever possible. Although it was introduced to exterminate rats, 
rats are just as abundant as they ever were, but the same cannot be 
said of the native ground-nesting birds and lizards. Mongooses can 
be easily trapped in large wire-cage rat traps baited with fish heads. 
A boy in Mayaguez trapped twenty in this manner in about a month. 
They will also come freely if hen’s eggs are used as bait, though 
they seem to prefer fish. 

4. Rattus rattus alexandrini Oeoffroy. Roof Rat. This intro¬ 
duced species is abundant in Porto Rico. It frequently occurs in 
and nefcr the swamps, in all the plant associations except the Open 
Water and Cat-tail. It is more abundant in the canefields where it 
feeds upon the cane, but on coming to the marshes it often varies 
’ts diet with a few eggs and young birds. 

5. Rattus norvegicus Erxleben. House Rat. This is another 
introduced species, less common than the preceding, and far less 
frequently seen in the marsh. Otherwise the habits of the two 
species appear to be quite similar. Most of the trapped animals I 
have observed in Porto Rico have been Roof Rats. 

6. Mus musculus musculus Linnaeus. House Mouse. Introduced 
end abundant in Porto Rico. Often found in the grass and sedge 
tssociations in the lagoon at times of low water, where it apparently 
feeds upon seeds. 

I believe it is possible that a second species of mouse may occur, 
though none such has been listed from Porto Rico. On two occasions 
near the lagoon I observed a mouse with a very red back, once in a 
canefield near the lagoon, and once in a growth of Persicarias in 
the sedge association, but neither time was I able to collect the 
specimen seen, so that it cannot yet be recorded. 
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Harems 

1. AnoUs cristateUus (Dumeril and Bibron). Common in' the 
Varronia and open field associations, and occasionally penetrating 
into the grass and sedge associations of the lagoon proper, where it 
feeds upon insects. Numerous specimens were collected. 

2. Anolit ttratvlus (Cope). Common in the Varronia and Open 
Field associations. 

3. Anolit pulchellus (Dum6ril and Bibron). Common in the 
Open Fields association, and frequently enters the grass association 
of the lagoon proper. On September 27, 1924, many were stranded 
on isolated plants and hummocks in the newly flooded part, thus 
falling easy prey to birds, some species of which, notably the Porto 
Bican Grackle ( Holoquiscaius niger brachypterus) , are very fond of 
them. 

4. AnoUs poncensis (Stejneger). Lizards of this species were 
noted at the base of Tinaja Hill, directly south of the lagoon, and 
probably occur at times in the Varronia Association. Al^the Andes 
are insectivorous. Being small and lacking means of defense they 
are included in the bill of fare of many birds. 

5. Atneiva exsul (Cope). Frequently noted and twice collected 
in the Varronia association. These lizards are too large to be fad 
upon extensively by most birds except birds of prey, though small 
specimens are occasionally taken by other birds, such as the Gray 
Kingbird. 

6. Atneiva wetmorei (Stejneger). Though I have not found this 
recently discovered species in the immediate vicinity of the lagoon, 
it occurs not uncommonly on Tinaja Hill, where I collected three 
speeiments on May 6,1924. It is conspicuous with its yellow lateral 
stripes and brilliant green tail, and prefers the arid limestone hill* 

Amphibians • 

1. Leptodactylus albildbris (Gunther). This is the only amphiD* 
ian recorded from the lagoon. Its tadpoles abound in the grassy 
parts of the lagoon during November and December, and later many 
small frogs occur in the same region. I have never observed an 
adult at the lagoon, though I have collected a number of them at 
Mayagiiez. The tadpoles and small frogs form an important element 
in the food of the lagoon birds, particularly of the herons. 
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Fishes 

Fishes are very few in species at the lagoon. I have personally ob¬ 
served only three species, but have been told of a fourth which is very 
rarely found and of a fifth which was said to occur in the lagoon 
before it dried up for the first time. The identity of this species I 
have not been able to ascertain. It was known to the country people 
as Pee grande, and is said to have lived in the mud and to have 
attained a weight of as much as twenty pounds. When the lagoon 
dried in 1923 all of them were cleaned out, and none have appeared 
since then. The following four species %xist at present in the 
lagoon: 

1. Anguilla chrysypa (Bofinesque). Eel. Anguilla. Eels are 
very abundant in the lagoon though seldom seen except when it is 
drying up. During the drying-up period in June and July most of 
the attentions of the eggers are diverted from egg hunting to eel fish¬ 
ing. The eels are obtained with fish spears of from one to four, usually 
two, prongs known as figas, or more often with machetes. The boys 
and men wade around up to their knees or even to their waists 
in mud, brandishing their machetes which they let fall on any 
luckless eel they encounter, usually nearly severing the head with 
the force of the blow. On July 5, 1924, T counted seventy large 
eels which twelve boys had secured, and they were still killing 
others* rapidly. Some were over forty inches in length, and most 
of them were from twenty-five to thirty-five inches long. The eels 
appear to be of little ecological significance. I have no records of 
their being eaten by any birds, but having observed a Great Blue 
Heron eating an eel in the north I would not he surprised if its 
southern relative occasionally eats an eel. 

2 Cevtropomus pardllelus (Poey). Robalo. This fish is re¬ 
ported by the country people living near the lagoon, but I have 
never observed it there, and do not feel very certain of its identity. 

3. Awaous taiasica (Lichtenstein). Mapiro. This is a rather 
scarce fish at the lagoon, usually seen swimming among the cat-tails. 
1 have observed it on only a few occasions. It is said by the country 
people to bury itself in the mud at times of low water. 

4 . Poecilia vivipara (Bloch and Schneider). Cisi. This is by 
far the most abundant fish at the lagoon, occurring everywhere that 
the water is deep enough to permit of swimming. -They swam in 
great numbers in the shallower places. It is the only species which 
enters into the food of the birds to any great extent. This little 
fish is mut-eating and viviparous. Nearly half of those captured 
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were males. This is a larger proportion than is nsoal among vivi¬ 
parous fish. 

Insects 

Space permits mention to be made of only a few of the dominant 
insects of the lagoon. Dragonflies and damseflies of many species 
abound. They and their naiads form a considerable proportion of 
the food of the aquatic birds. Bloodworms (Ghironomidoe) abound 
in the mud, and when the water is low in the lagoon they form the 
greater part of the food of the small shore birds which then visit 
the lagoon in almost countless numbers. Mosquitoes are rarely seen 
in the daytime, though abundant enough at night. Most of them 
apparently breed in the nearby salt water, as both adults and larv® 
are seen much more abundantly there. Aquatic Coleoptera (Dytis- 
cidie and Hydrophilidaj), are abundant, and they and their larva 
are important food items of the birds. Aquatic Ilemiptera, espe¬ 
cially Naucoridse ( Pelocoris femoratus ), are extremely abundant, 
and large Belostomidse are not at all uncommon. Pelocoris forms 
the favorite bill of fare of several species of birds. Its nymphs are 
known as “cucarachas de agua” (water cockroaches), ami they are 
extremely obnoxious from their habit of stinging people wno venture 
bare-footed into the lagoon. Their sting is about as painful as that 
of wasp, but the pain soon disappears. Unfortunately these are not 
the only small aquatic creatures that cause painful stings, for an 
almost microscopic Bntomostracan, locally known as “agua viva” 
(living water), also lias this disagreeable habit. Their sting is not 
so painful as that of the cvcaracha de agua, but they make up in 
numbers for what they lack in quality. 

In the drier parts of the lagoon and in the fields surrounding 
it are found a great variety of terrestrial insects. Porto Rico is 
noted for its great variety and abundance of cockroaches, thirty- 
seven species having been described up to 1923, and new species are 
constantly being discovered. Many of these occur near the lagoon, 
and form a considerable item in the food of the birds. Grasshoppers 
ere common, but not especially abundant. The Porto Rican Mole 
Cricket .or changn (Scaptcritcus diilactylus), aliounds in the cane- 
flelds surrounding the lagoon. It is considered by entomologists and 
by the public to be one of the worst insect pests of the Island. 
Fortunately several species of birds are very fond of them, particu¬ 
larly the Ani (Crotophaga ani), and the West Indian Green Heron 
(Butorides virescens maculatus). Every possible protection should 
be given these birds. 
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Coleoptera occur in great profusion, as in most tropical regions, 
Fleabeetles are particularly numerous. Among the worst beetle 
pests fouml near the lagoon are white grubs (larvae of Phyllophaga 
vandinei ), and the Sugar Cane Stalk Weevil ( Diaprepes spengleri). 
Coleoptera form the largest part of the food of the insectivorous 
birds, and the most injurious species form a goodly proportion. 

The insects which are most conspicuous as one approaches the 
lagoon are the clouds of butterflies which arise as one walks through 
the fields. About nine per cent of them are of one species, (Anarftd 
jatropha Linnaeus). Their black, spiny larvae feed on Lippia rep- 
tans) (HBK), which forms a large part of the Open Fields associa* 
tion. On September 23, 1924, these larvae were so excessively abun¬ 
dant as to nearly conceal the plants. Some other species of butterflies 
which are often found with Anartia jatropha are Junonia genoveva 
(Cramer); Didinis biblis (Fabricius) Anosia plexippus (Linnaeus) ; 
Euptoieta hegesia (Cramer); CaUidryas eubule (Linnaeus) and two 
undetermined species of Lyctrna. 

The most prominent and most feared species of Uymenoptera is 
the Bembecid Stictia signata (Linnaeus). They are constantly flying 
over the lagoon, especially over the Fersicarias, often chasing flies. 
They live in holes in the ground near the edge of the lagoon. When 
one sits down to eat lunch two or three of them are sure to come 
buzzing around appearing very formidable and ferocious. Although 
they have a prominent sting, I have not learned of an authentic case 
cf a person being stung by one. I have no records of this species 
being eaten by birds. 

A small ant ( Prenolepis sp), is very abundant, and nests in the 
large tops of the Giant Sedge ( Cyperus giganteus Vahi), during the 
time that these are in blossom and seed, or from September to De¬ 
cember. During the balance of the year these ants are often found 
breeding in the nests of Coots, Gallinules and other marsh birds. 

White ants ( Isoptera ), of several species are very abundant, but 
are seldom eaten by birds as they remain in places inaccessible to 
them except when flights of the winged form take place. On such 
occasions birds eat many of them. 

Crustacea 

Three species of land crabs live near the borders of the lpgoon. 
Dr. Mary J. Rathbun, of the U. S. 'National Museum, kindly identi¬ 
fied these for me. The common large blue land crab is Car disoma 
guanhumi (Latreille). It lives in large tunnels in the ground which 
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it excavates for itself when the ground is soft after the rains, 
leaving big heaps of mud near the entrance. They rarely emerge 
from these holes during prolonged droughts. They are largely car* 
nivorous in their habits, and are an enemy to the birds to some 
extent. I have observed an especially large crab of this species 
taking eggs from under a hen which was incubating in a nest in 
4 box near the ground not far from a marsh. It pushed the hen 
half way off the nest and proceeded to devour the eggs. The hen 
was powerless to prevent it. Doubtless these crabs often rob the 
nests of ground-nesting birds Another crab which is found much 
more rarely near the lagoon is the smaller blue-bodied, pink-legged 
Qecardnus ruricola (Linn.), a form which is peculiar in that the eggs 
hatch directly into crabs with the form of the adult. A male of 
this species which 1 sent to the U. S. National Museum is the first 
specimen they have of this species from Porto Rico. Another crab 
which is not often found at the lagoon though it is abundant on the 
nearby limestone hills is Coenobita clypeatus (Herbst). They live 
in large, heavy snail shells, hut despite the cumbersome weight of 
these shells Ihey can travel quite rapidly They are practically om¬ 
nivorous Near Cabo Rojo Lighthouse I have seen them so abundant 
that in & patch of about ten square feet they were packed so closely 
that it was impossible to see the ground, and thousands of others were 
nearby on all sides "When one stopped to eat lunch these crabs 
gathered by the hundred from all sides to try to get their share of it. 
They would eat anything that was thrown to them, from meat scraps 
to orange peels. It was difficult to keep them out of our food supplies 
when camping^ as they would tear through heavy pasteboard boxes to 
get at the food inside. They were particularly active at night, 
though by no means inactive in the daytime. Small birds’ nests would 
not be safe where they are abundant, as they are not only found 
on the ground, but they climb to some extent. I once found a 
small specimen climbing up a cat-tail stem in the lagoon. 

Domestic Animals 

Cattle are pastured in the fields surrounding the lagoon, and 
they often wade in the marsh proper to graze upon the succulent 
grasses and other plants which grow there. Pigs and goats also 
run at large through the marsh where it is not too deep, while do¬ 
mestic turkeys, guineafowl and hens feed along the shore. 
















FIG 8—Cartagena Lagoon Open Water Association with Fond Lilies 

April, 1922 



FIG. 9.—Cartagena Lagoon. Open Water Association with Pied-hilled Grebe 
Nest in Foreground. May f 1994 
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WORKING CONDITIONS AT CARTAGENA LAGOON 

The difficulties of ornithological work at Cartagena Lagoon were 
so great that at times it seemed very discouraging. In the first place 
it was necessary for me to live at Mayagiiez, and there was just one 
train a day from there to the lagoon. It allowed me only six hours 
a day at the lagoon, and I had to spend four on the train going 
back and forth over the twenty-six intervening miles of rail. Occa¬ 
sional outbreaks of fever kept nie from making as frequent visits 
to the lagoon as I would have liked. 

At the lagoon the eggers interfered greatly with my work. They 
searched the marshes so systematically that I was able to follow any 
given nest through to the hatching period in but one or two cases. 
Unfortunately the eggers did not confine their attention to the 
edible eggs of the larger species, but with incomprehensible lack of 
foresight they destroyed all eggs too heavily incubated to be eaten, 
“so as to save the next man the trouble of examining them”. They 
did not seem to realize that by so doing they were “killing the 
goose that laid the golden egg”. And this is not all. Any small 
birds’ eggs which they found were broken and thrown away. Once 
I asked an egger why he did it. He answered: “I dont know; 
T just can’t bear the sight of an unbroken egg remaining in a nest, 
no matter what kind it is”. It seems marvellous to me that any 
birds ? are left in a region where such destruction is permitted. 1 Of 
course the actions of the eggers prevented the doing of much inten¬ 
sive work on nesting habits. I actually had to pay the boy who 
carried some of my photographic and other equipment extra in 
order to prevent him from taking the eggs in the nests I found 
and wished to photograph. It was impossible to use a blind for 
bird photography at the lagoon, for a blind would immediately 
attract attention to the nest upon which it was set, and by my 
next visit, the eggs, and like as not, the blind itself would have 
disappeared. The taking of eggs is a pernicious habit, and should 
by all means be prohibited by law and sentiment. If the birds and 
their eggs are not protected during the breeding season they have 
but small chance of reproducing their kind. The surest way to 
decrease the number of birds is to permit the taking of breeding 
birds and their eggs. The present laws prohibit this to some extent, 
but many revisions are necessary, to adequately protect the birds. 
Cartagena Lagoon is the most important breeding ground for water- 

1 This destruction is not permitted It is done m nolstion of the lew An Appendix 
lute been prepared containing legislation enacted and in force —Thi Kdxtob 
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fowl on the Island, and it would well repay the Porto Rican people 
to have it regularly patrolled by an officer of the law, especially 
during the breeding season. 

At certain times of the year Cartagena Lagoon is a favorite 
rendezvous for hunters from Mayagiiez and Ponce, while the 
country people hunt at all times of the year, whenever they get money 
enough to buy ammunition. The hunters add to the difficulties of 
the ornithologist, not only by the number of birds they take and 
by the danger from passing shots, but by keeping the birds stirred 
up. Many a time when I have been concealed in the cat-tails or 
other vegetation trying to photograph or watch certain birds, a 
hunter’s shot or one of the boys stationed around the marsh to keep 
the birds in flight has scared my birds away and thereby spoiled an 
afternoon’s work. 

That bloodthirsty villain the Mongoose ranks perhaps third as 
an arch enemy of the ornithologist, though it seldom molests nests 
placed among vegetation growing in deep water. 

Stinging Entomostracans, Cucarachas de agua and stinging grass 
seeds produced much discomfort, but did not interfer^ seriously 
with work. Every country person and city hunter I have talked 
with who was familiar with the lagoon a few years ago tells me of 
the vast number of large leeches which formerly lived there and 
caused great discomfort if not actual serious injury to those persons 
who ventured into the lagoon. It is said that the leeches attained a 
length of eight inches, and that as many as thirty frequently attached 
themselves to a man within a few minutes. Somewhat similar con¬ 
ditions still exist in a small marsh near Cabo Rojo. But at Car¬ 
tagena Lagoon the leeches were said to have all suddenly disappeared 
immediately after the hurricane of September, 1921. when the lagoon 
waters rose very high and the high wind whipped it into large 
waves. Possibly they were washed out to sea. At any rate none are 
now to be found, much to the relief of any one who has occasion, 
to work in the marsh. 
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BIRDS OF CARTAGENA LAGOON 

The species of birdR discussed in the pages which follow include 
all those which are known to occur at Cartagena Lagoon. Under 
each species are given the scientific, English, and Spanish names 
used by the people who live near the lagoon; a statement of the 
occurrence of the species at the lagoon; an aeeount of the habits; 
accounts of the nesting and young, of the enemies, of the food, and 
of the ecological and economic importance of the species. In many 
eases the Spanish names will be found to differ from those given in 
published accounts of Porto Rican birds. Most of these were given 
by Gundlach, who in many cases gave the names by which he had 
known the species in Cuba. 

1. COLYMBVB D0MINICV8 DOMINICUS (Linnaeus). Least Grebe. Tigva. 

Least Grebes are common permanent residents at Cartagena 
Lagoon, leaving it only when the lagoon is so dry that they cannot 
swim. In 1924 they stayed until .Tune 21, when there was very 
little water at the lagoon, and appeared again August 26, very soon 
after the first shower had begun to replenish the lagoon waters. About 
twenty-five pairs bred in 1924. Only about six pairs bred in 1922 
when there was water at both Anegado and Gu&nica Lagoons. 

The cat-tails are the favorite haunt of this little grebe, and it is 
seldom seen far from them. Even while feeding it seldom goes far 
away from their protection. Often after one has been standing still 
among the cat-tails for some time the gray form of a Tigua will 
pop up beside him, usually to disappear again as quickly as it had 
at first appeared. They are usually found in loose flocks at all times 
of the year, probably not so much from any gregarious instinct as 
from a community of interest which brings large numbers together 
where conditions are favorable. Flocks of as many as seventy-five 
are often seen at Cartagena Lagoon during the breeding season. 
Their favorite feeding ground is in patches of open water imme* 
diately adjacent to growths of cat-tails. The water in such places is 
usually so choked with Naias, and at other times so fehallow that the 
Tignas are seldom able to swim under water. At these times they 
take wing at the slightest alarm, and head directly for the cat-tails, 

*7 
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so it is very difficult to observe them closely unless one hides behind 
a screen of cat-tails. When frightened they fly with a weak wing- 
stroke which enables them to keep their bodies barely above the 
surface of the water. They gain increased speed by pushing down¬ 
wards and backwards against the water with their feet, though their 
body is supported entirely in the air. When deep water free of 
Naias is available (just after the lagoon has filled up) these little 
grebe<- ' .ive a ehanec to show off their far-famed powers of diving 
and swimming under water. They are then observed much leas 
frequently as they dive at the slightest suggestion of danger, to 
reappear again only among the cat-tails. When they have been 
frightened away from their feeding ground they do not return to it 
for half an hour or over, even when the cause of their alarm does 
not remain in the vicinity. 

The note of the Least Grebe is a loud, reed-like “week”, but it 
is seldom uttered. 

The Least Grebe is commoner than the Pied-billed Grebe. When 
on the water they are easily confused unless a close view is obtained, 
when the smaller size of the Least Grebe, and particular]^ its grayish 
coloration and light-colored iris can be noted. There is no danger 
of confusing the species when in flight, as the white in the wing of 
the Least Grebe is very conspicuous, making the wing appear almost 
white from a distance. 

The Least Grebe, as I have already indicated, nests exclusively 

among the cat-tails, and usually in the deepest parts of the swamp, 

as that is where the rankest cat-tails grow and where the nests are 

freest from molestation. Ad the neBts I have found were anchored 

to cat-tails in water from one to three feet deep, and were made 

of partially decayed cat-tail leaves, with occasionally a few rootlets 

in addition. These are heaped to-gether to form a bulky rounded 

mass mostly below the surface of the Water. Those in shallow water 
* 

were built up from the bottom, but those in deeper water were 
strictly floating affairs. They are slightly hollowed at the top to 
receive the eggs. Although this species is said to lay from three to 
six eggs in other parts of its range (Bent, 1919, p. 37), three eggs 
is the largest set I have found in Porto Rico, and often only one 
or two eggs are laid. However, Struthers (1923, p. 469), records 
nests with as many as seven eggs. The eggs are pure white when 
laid, but they soon become so stained with dirt that they become deep 
brown in color. A freshly laid set of two eggs observed on September 
6, 1924, became quite dark in a week. Eggs nearly ready to hatch 
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are very dark. 1 found that I could gueBs the stage of incubation 
rather closely by observing the color of the egg. In almost every 
ease the adults covered the eggs with decayed vegetation before 
leaving the nest. The only time this was not done was in the ease 
of very much stained eggs nearly ready to hatch. 

The months in which these grebes nest most frequently are April 
and May, and September to November. Apparently they raise two 
broods a year. 

On May lfi, 1924, I obtained a young bird from pipped egg. 
The markings as noted on this were: The color is brownish black 
above. There is a large triangular rufous patch on the crown, and 
a narrow stripe of the same color extends forward from this patch to 
the base of the bill. On each side of this rufous patch is a short 
white stripes, and another white stripe extends from each eye back¬ 
ward onto the neck. The under side of the head is white, with two 
broad black stripes converging at the base of the bill. The back is 
brownish-black with two narrow white lines extending from the neck 
to the tail. The breast and belly are a dirty white. The bill is mostly 
creamy white, more or less dusky at the tip and on the upper surface 
of the upper mandible. On the lower mandible there is a narrow 
black V. The egg tooth is pure white. 

The worst enemies of the Least Grebe are the native eggers and 
the so-called sportsmen who shoot any birds that come in sight whether 
they are fit to eat or not. TIowever, this species suffers less than 
most of the aquatic birds from the former cause, as their nests are 
placed in some of the most inaccessible places that can be found at 
the lagoon. Unfortunately the birds are quite easy to shoot if the 
hunter hides in the cat-tails near their feeding grounds. This 
species is infested with tapeworms to a remarkable degree. Several 
tapeworms, often as long as 100 millimeters, were taken from each 
of the five adult specimens I collected. 

Very little has been recorded about the food of the Least Grebe. 
Apparently the sole account in literature is an unsatisfactory note 
by Qosse (1847, p. 443): “The gizzards of all that I obtained were 
filled with a finely comminuted substance, rather dry, of an unctuous 
appearance, and mingled with short Bilky filaments. A close ex¬ 
amination with a lens failed to determine its nature; but I believe it 
to have been principally vegetable,’ ’ 

Five stomachs from Cartagena Lagoon, taken in September and 
October, were obtained. The material in these was much comminuted 
and rather difficult to determine, but upon careful examination the 
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greater part of the material waB identified. Animal food comprised 
99.8 per cent of the total. The only vegetable matter found was 
a few seeds of Sesban emerus in one stomach. Feathers comprised 
35.4 per cent of the stomach contents, showing that this species has 
the feather-eating propensities so characteristic of the grebe family. 
The animal food was composed entirely of insects, mostly aquatic 
forms. Some of those found were dragonfly naiads, 6 per cent 
(eaten by two birds); adult dragonflies 1 per cent (eaten by one 
bird); adult damselflies 4 per cent (eaten by three birds); Nauoo- 
ridae, Pelocoris femoratus, 8 per cent (eaten by two birds); adult 
Hydrophilids 1 per cent (eaten by two birds); Hydrophilid larva 
3 per cent (eaten by two birds); aquatic Dipterous larva 1 per 
cent (eaten by one bird); two Maybeetles, Phyllophaga vandinei, 
and one Garabid beetle, comprising 1.5 per cent, were eaten by one 
bird, and are the only terrestrial forms found. Very likely they 
were specimens which had fallen in the water. 

The Least Grebe is a strictly aquatic species, entirely dependent 
upon the marsh for food and shelter. It is incapable of long mi¬ 
gratory flights on accounts of its short wings, so they waflSer little or 
not at all from their native marsh unless forced to by the drying up 
ot the waters of the marsh. It is so thoroughly adapted to an 
aquatic existence that it is doubtful if it could exist long elsewhere. 
It is primarily a bird of the cat-tail association, and seldom ventures 
far from its protection. 

2. PODILYMBUS PO DICE PS ANT1LLARUM (Bangs). Antillean Pied 
billed Grebe. Zaramago. ZaramaguUdn. 

The Pied-billed Grebe is a rather common permanent resident at 
Cartagena Lagoon, thougli slightly less common than the Least Grebe. 
It leaves only when the lagoon dries up so much that swimming is 
impossible. In 1924 it left June 21, and returned August 26, thus 
going and returning on identically the same days as the Least Grebes. 

This grebe is more a bird of the open-water association than the 
Least Grebe, and seldom seeks the protection of the cat-tails, either 
for feeding or nesting. It escapes danger by diving if the water is 
deep enough or by swimming if it is not. It takes flight much more 
rarely than the Least Grebe. They are never seen in flocks; usually 
they occur singly, occasionally in pairs. They are less easy to observe 
from a cat-tail blind than the Least Grebe because they feed mostly 
far out in the center of the lagoon, and also because if once 
frightened from one part of the lagoon they seldom return to it in 
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leas three or four hours. Four or five pairs breed at Cartagena 
Lagoon. The species is fully as common in summer as in winter, 
and I doubt very much if any migrants from North America oceur, 
despite the prevalent belief that they do. 

The call of the Antillean Pied-billed Grebe consists of a long 
series of cuckoo-like notes followed by some gulping sounds, thus: 
cow, cow, cow, cow, cow, cow, cow, cow-wullup, cow-wullup. The 
female also has a soft cuk, cuk note which she uses when calling to 
her young. 

The larger size, browner coloration and black throat easily dis¬ 
tinguish this bird from the Least Grebe. Birds in breeding plumage 
(with the black throat), may be seen at all times of the year. 
Immature birds lack the black throat. 1 do not have sufficient 
specimens to ascertain whether the adults ever acquire a winter 
plumage similar to that of North American birds or not. 

On April 4, 1924, during a rather heavy shower, I observed the 
courtship and mating of this species. The male chased the object 
of his devotions at high speed for about two minutes, making a 
great splash in the water, and occasionally diving and coming up 
near the female. 1 did not observe any vocal sounds accompanying 
this performance, but the noise of the rain might have prevented that. 
Finally the male capture the female and mating took place. 

l*he nests of the Pied-billed Grebe are found in the open-water 
association where the water is from two to three feet deep, either 
built up from the bottom in the open-water, or floating and anchored 
to a few cat-tails or grasses which straggle farther out towards the 
center of the lagoon than most of their kind. All the nests I have 
found were constructed of Naias. Sometimes this was quite fresh, 
in other cases it was largely decayed. The nest is a bulky structure 
built up about two inches above the surface of the water. The top 
is slightly hollowed to receive the eggs. Tn every case these num¬ 
bered three at Cartagena Lagoon, though Struthers (1923, p. 469) 
records a nest with six at Anegado Lagoon. The eggs are white 
when laid, but soon become stained brown. 

The breeding season is not so well marked as that of the Least 
Grpbe. I have found young about one-third grown on December 7, 
1923, and newly hatched young on December ll t 1923. Struthers 
(1923, p. 469) records a nest with eggs on February 18, 1922. On 
March 17,1924,1 found newly hatched young, but by far the greater 
part of the nests with eggs and young are found in April and May. 

On April 30, 1924, I had the opportunity of observing a nest (he 
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day the young were hatching. One egg had just hatched, one was 
pipped and the third, as 1 learned later, was infertile. Before 
leaving the nest the parent covered the two eggs, leaving the new 
hatched young on the edge of the nest. When I approached the 
nest it dived into the water, but 1 caught it easily and replaced it 
in the nest, but it would not stay there long enough to be photo¬ 
graphed. When T visited the nest on May 2 the mother grebe was 
seen swimming nearby with a bunch of pondweed and the two young 
on her back. The infertile egg remained uncovered in the nest 
When the old bird wanted to get the young off her back she simply 
took a dive and apparently dumped them off. 

The downy young is strikingly marked with black, white and 
rufous. The upper parts are mainly black. Two white superciliary 
stripes and two white stripes above them converge at the forehead. 
There is a small triangular-shaped rufous patch on the crown, and 
a rufous stripes runs from one eye around the back of the neck to the 
other eye, the rufous color becoming brighter in color on the hack of 
the neck than it is near the eyes. Behind this, on the neck, is a short 
rufous bar. The back is black, with six narrow white stripqg running 
its entire length. The underparts are dull white, with a little black 
mottling on the under sides of the head and neck. The bill is mainly 
black, with a brownish-red fleshy area at the base. The egg tooth 
is large and is pure white in color. 

The worst enemies of the Pied-billed Grebe are the eggers. 
ITunters account for some losses in the rank of this species, but they 
are much harder to shoot than Least Grebes and so are obtained 
much less frequently. 

The stomachs of two Pied-bills from the lagoon were available 
for examination.’ That of an adult collected April 18, 1924, contained 
4 dragonfly naiads (8 per cent) and fragments of many Naucoridae, 
Pelocorix femoratus (8 per cent), in addition to the customary 
feathers found in all grebes’ stomachs, which in this case formed 
80 per cent of the stomach contents. The stomach of a downy young, 
rot over three days old, collected March 17, 1924, contained but one 
feather, but that was large and formed 10 per cent of the stomach 
contents. In addition to this the stomach contained 1 Mole Cricket, 
(Scapteriscus- didactylus), forming 86 per cent. Vegetable matter 
constituted 4 per cent, and consisted of two small pieces of Naiaa, 1 
seed of Eymemchnc amplexicauHs and a little rubbish. A stomach 
from Aguadilla examined by Bowdish and one from Manati by 
Wetmore contained crawfish. 

















FIG. 11.—Cartagena Lagoon. Grass Association, Tachuelos m Background 



FIG. 12—Cartagena Lagoon. Sedge Clump (Eleocharu) in Foreground, 
Cat-Tails in Background 
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The Pied-billed Grebe is a strictly aquatic species, and dependent 
entirely upon the marsh for food and shelter. The scanty data 
available on its food habits indicate that it is a useful bird and 
worthy of protection. It is a bird of the open-water association 
a ^d is seldom found in the cat-tails. In this respect it differs 
materially from the Least Grebe in its habits. 

3. LABUS ATBIC1LLA ATBICILLA (Linnaeus). West Indian Laughing 

Gull. Gaviota. 

Laughing Gulls occur commonly on the coasts of Porto Rico, but 
are very rarely seen at the fresh water lagoons. I have observed 
this species on two occasions at Cartagena Lagoon, two birds Been 
on May 27, 1924, and one on September 3,1924. Apparently Laugh¬ 
ing Gulls do not nest on the main island, and it is doubtful if they 
nest on Desecheo Island, but nevertheless they are seen on both 
islands in spring and summer months only. In 1922 my first record 
for the arrival of this species at Mayagiiez was March 10; in 1924 
it was March 6. They are not seen after September. 

4. GBLOCHELIDON NILOTICA (Gmelin). Gull-billed Tern. Gaviota. 

The Gull-hilled Tern is a summer resident at Cartagena Lagoon, 
though jt does not breed. Its occurrence in Porto Rico was pre¬ 
viously unknown. In 1924 they arrived on May 20, and stayed 
until September 3, staying right through the period when the lagoon 
was dry, as they could obtain a plentiful supply of insects from the 
mudflats. They were almost constantly on the wing, and obtained 
their food by swooping down to the mudflats and scooping in the 
insects without stopping their flight. Occasionally they could be 
seen in small groups resting on the mudflats. Even while there 
were still little pools of water these terns picked their food from the 
partly eaked mudflats rather than from the water. 

On July 9, 1924, 1 collected a female from a flock of nine 
resting on the mudflats. The ovary was somewhat enlarged, the 
largest ovules being three millimeters in diameter. The stomach 
of this bird contained 58 aquatic Hemiptera (Pelocoris femoratus), 
constituting 94 per cent of the contents. One dragonfly naiad 
formed 4 per cent, and 1 Corixa reticulata 2 per cent. 

The Gull-billed Tern evidently finds conditions quite favorable 
for its existence in the mudflats of a drying lagoon, else it would 
not remain there all summer so far from its normal breeding range. 
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5. TEALA88EU8 8AKDVICENBI8 ACVFLAVIDA (Cabot). Oabot’l 

Tars. Gaviota. 

Cabot’s Tern is an irregular winter visitor to Cartagena Lagoon. 
An individual in winter plumage was observed skimming over the 
lagoon on each of ray trips between December 4 and December 22, 
1923. Nothing lias been recorded of the food habits of this species in 
Porto Rico, when* it is by no means common, even on the coast. 

(5 //TDEOCHELIDON NIGBA 8URINAMEN81S (Gmelin). Black Tern. 

Gaviota prieta. Gaviota ceniea. Pitirre de agva. 

The Black Tern is a common fall migrant at Cartagena Lagoon. 
It is never found there in the spring, but it is said by the country 
people to occur every year in large numbers in September. In 1924 
the first birds arrived on August 20, and none were noted after 
October 7. From 150 to 175 could be noted almost any day in Sep¬ 
tember In 1921 Struthers (1923, p. 4741 noted twenty on August 
18. 

The flight of the Black Tern is very erratic and swallow-like, 
making them difficult marks for the hunter. When one shot and 
injured its comrades gather around above it and make a great din 
of sharp cries. Occasionally large numbers of terns could be seen 
perched on the wire fence which crosses the lagoon or on the mudflats, 
but when resting they are very wary and it is impossible to approach 
within gunshot of them. They often hover low over the surface of 
the water while feeding. They obtain most of their food from the 
open-water regions, but scattering groups forage over the dry grassy 
fields at some distance from the lagoon. On one occasion I observed 
a Black Tern catching dragon flies on the wing over the water. 
During the latter part of their stay at the lagoon these birds began 
to act peculiarly. On September 27, 1924, a closely packed flock of 
sixty were flying back and forth over the lagoon, wheeling around, 
dipping to the water and rising again, always in perfect unison, each 
bird maintaning its respective position in the flock. This occurrence 
was noted again on September 30, 1924, only this time the flock 
numbered seventy-six. After this date only about twenty-five 
scattering birds were observed. The only call note observed from 
any of the birds was a sharp metallic peek. Tt is from this note 
that the native name of Pitirre de agtta is probably derived, as it is 
somewhat suggestive of the call note of the Pitirre (Tyrannut 
dominicensis). 
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When the Black Terns arrive most of them are either in the light 
winter plumage, though quite a number in the dark summer plumage 
or in a pied intermediate plumage can be observed. As the season 
progresses the number of black and pied individuals decreases until 
in October all the birds are in the light plumage. On September 3 
approximately one hundred and fifty Black Terns were observed. 
Of these 130 were in light plumage, 10 were dark and 10 were pied. 
On September 20, two out of 125 were dark, and five were pied. 
After September 27 no dark birds were observed. 

■While in Porto Rico the worst enemy of the Black Tern is the 
sportsman. It is a favorite mark of his, as it tests his skill in 
shooting more than most common birds. Some of the better marks¬ 
men bag large numbers of terns. 

The stomachs of three birds collected on September 3, 1924, 
contained 99.7 per cent of animal matter and 0.3 per cent of vegetable 
matter. Hydrophilid larvse composed 55.3 per cent of the total. 
One bird had eaten 119 of them and another 36. Noctuid moths 
comprised 33.3 per cent. One bird had eaten nothing but five large 
moths. Other insects found were an ambush bug (2.3 per cent); 
a damselfly (2 per cent); a dragonfly (3.8 per cent) and a Lamel- 
licorn beetle (1 per cent). The only vegetable matter found con¬ 
sisted of one Hymenachne seed and a little rubbish, in one stomach. 

Although the Black Tern does not obtain all of its food in the 
marsh, it is primarily a bird of the marsh and more particularly of 
the open water association. It show a preference for aquatic insects, 
though not spurning terrestrial forms. It is less strictly aquatic 
than most of its allies, and it is my belief that it may represent a 
branch of the family gradually diverging towards a more terrestrial 
existence. 

7. PHALOCBOCOEAX VIGUA MEXICAN VS (Brandt). Mexican Cormorant 

On October 17, 1924, I observed a small cormorant, flying over 
the cat-tails at Cartagena Lagoon. It continued its flight over the 
lagoon and far away over the mountains to the north without once 
stopping. Unfortunately I was unable to collect it, but I feel very 
confident that it was of this species. *No cormorants had previously 
been recorded from the Island. A native boy who was assisting me 
and who knew the local birds very well gasped in amazement when 
he‘saw this bird and said he had never seen one like it before. 
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8. FBBOATA AQVILA (Linnaeus). Man-o-war Bird. Babijunoo. 

The Man-o-war Bird is a salt-water species which rather fre¬ 
quently but irregularly visits Cartagena Lagoon in search of food. 
I have recorded them at the lagoon in every month except February. 
Usually they come singly, but on two occasions (December 11, 1928, 
and July 5, 1924) I saw three soaring together. Generally they soar 
overhead at a considerable height, but occasionally they dip down to 
the surface of the water, making a splash when they hit it, but 
only their bills go under water. Probably they are catching small 
fish, as Dr. Wetmore found the food of this species to consist 
entirely of fish. Any Coots that chanced to be near when the 
Man-o-war Birds made these dives flew away in terror 

There is a nesting colony of Man-o-war Birds on a small coastal 
island near Parguera, about five miles from Cratagena Lagoon, and 
probably most of the birds that visit the lagoon arc occasional 
visitors from this colony. 

9. MARECA AMERICANA (Gmelin). IJaldpate. Rato Lablanco. 

The Baldpate is a rare winter visitor to Cartagena Lagoon. I 
observed a flock of len on February 27, 1924, and again on March 
1, and on March 11 a male and famale at close range. They were 
feeding in the open-water at the eastern end of the lagoon where 
the grasses straggle some distance oul into it. No specimens were 
collected, so I can make no definite statements concerning their food, 
though I believe it does not differ greatly from that of the Blue- 
winged Teal which prefers the same part of the lagoon. 

10. QVEBQUKDULA DISCOBS (Linnaeus). Blue-wiuge<l Teal. 1’ato oolecal. 

The Blue-winged Teal is a common winter visitor at Cartagena 
Lagoon. In 1924 tin* last birds in the spring were seen on May 2, 
and the first fall migrants appeared on September 6. They do 
not become common until November or December, and in the spring 
they are not common after about the tenth of April. They prefer 
the shallower parts of the lagoon, and are about as often found 
paddling about in the sedge and grass associations as in the open 
water. They are even found quite frequently among the cat-tails. 
A moderate estimate of the number of Teal wintering at the lagoon 
in 192? and in 1924 would be 500 each year. This species is also very 
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common at the other lagoons when they contain water. On March 4, 
1922,1 counted over 1,000 at Anegado Lagoon. They are very wild 
and difficult to shoot, so a comparatively small toll of their numbers 
is taken by hunters. If the existing game laws were strictly enforced 
this species would be adequately protected. 

Only one stomach, that of a female collected April 11, 1924, was 
available for examination. This contained 99 per cent of vegetable 
matter and 1 per cent of mineral matter. 90 per cent of the vege¬ 
table matter consisted of 83 seeds of Persicaria portoricensis. The 
rest was rubbish. The mineral matter consisted of three small 
pebbles. 

11. SPATULA CLTPBATA (Linnaeus). Shoveler. Palo mahareta. 

The Shoveler is a very scarce winter visitor. The only certain 
record I have is that of a crippled female observed at Cartagena 
Lagoon on May 30, 1924. She was in a dense growth of sedges. 
She could fly only a few feet before dropping clumsily into the sedges. 
On two other occasions I made rather unsatisfactory identifications 
of this species. On February 27, 1924, I saw a few ducks that 1 
took to be this species at Cartagena Lagoon, and on April 1, 1922, 
at Anegado Lagoon I observed two ducks that appeared to be Shov- 
elerg,* but in neither case could I approach closely enough to be 
positive of the identification. 

12. DAFJLA AWT A TZITUWA (Vieillot). Pintail. Pato pesenezdargo . 

The Pintail is an uncommon winter visitor at Cartagena Lagoon. 
The first certain record of the occurrence of this species in Porto 
Rico was a male bird which I observed at close range at the lagoon 
on April 8, 1922. This record is included by .Bent in his Life 
Histories of North American Wildfowl (1923, p. 155). In 1924 I 
observed a flock of six on February 15; a flock of seven and another 
of three on February 27, and a pair on March 11. They were feeding 
in the grass association at the east end of the lagoon. 'At that time 
the water was so deep that they could easily swim among the grasses. 
The flock of six observed on February 15 was accompanied by a 
seventh duck which was probably an albinistis bird of some stockier 
species. The wings, breast and under side of the throat of this bird 
were pure white, while the top of the head was dark brown and the 
back black. 
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18. P0BC1L0NETTA BAH AMEN818 BAHAMEN818 (Linnaeus). Bahama 

Buck. Pato Inglia . 

The Bahama Duck is a common permanent resident at Cartagena 
Lagoon, leaving only when it becomes so dry that swimming becomes 
impossible. In 1924 they disappeared on June 18, to reappear on 
August 20. About 125 was the largest number observed in one day 
at the lagoon. 

The grassy region is the favorite feeding ground of the Bahama 
Duck at times of high water, though it is not at all averse to feeding 
in the sedges, and is often seen feeding in the open-water association. 
On a few occasions I have flushed Bahama Ducks in the Pluckea 
association. The shallow grassy region at the east end of the lagoon 
is the region where one is surest of finding them. They usually feed 
in pairs or small flocks of from three to ten individuals, though 
occasionally flocks of as many as eighty are seen. They do not asso¬ 
ciate closely with other species Often they are forced to scatter 
out while feeding among the Coots, G-allinules and other ducks, 
especially among the Blue-winged Teal, but upon taking flight they 
always form flocks of their own. The Bahama Ducks are very silent 
birds. On only two occasions have I heard them under utter any notes. 
Both times when I was near young birds hidden in the sedges. The 
first time was December 11, 1923. The female then made a circle 
around me, making a continuous low quacking sound as it flew, 
scarcely audible at a greater distance than 100 feet. The second 
occasion was October 11, 1924. This time the female flew in eleven 
clockwise circles around me, and then two counter clockwise circles 
After that her flight became quite erratic, but she made occasional 
lunges toward ine. All this time she waR absolutely silent except 
for a single low quack which she emitted when quite close to me. 

The Bahama Duck very seldom nests at Cartagena Lagoon. I 
have never had the opportunity of examining a nest, but reliable 
natives have often described them to me. They say that these ducks 
always nest in dry grassy fields at some distance from the water, and 
that they then lead their young to water. Certain it is that though 
the nests are never found at the lagoon, parents with young unable 
to fly are frequently encountered. A native of the lagoon region 
by the name of Eladio Sanoguel, whom I found to be a very accurate 
observer, described to me on May 20 a nest that he had found the 
day before. He said it was on the ground in a field of Guinea Grass 
at a distance of one kilometer from the lagoon. It contained twelve 
eggs the color of which he described as a light hen’s egg brown. A 
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city hunter claimed the eggs and took them home to try to hatch them 
under a hen. Apparently the breeding season is quite extensive, as 
T have encountered young unable to fly on October 7, 11 and 17, 
1924, and on December 11,1923, and Struthers (1923, p. 471) records 
a nest with twelve eggs at Anegado Lagoon on February 18, 1922, 
and young unable to fly on December 8, 1921. On August 30, 1924, 
l observed several Bahama Ducks flying low over grassy fields at some 
distance from the lagoon. The country people said they were then 
building nests. From this evidence it would seem that the breeding 
season extends more or less continuously from February to November. 
The young scatter and hide or dive at the slightest warning, so it 
is seldom possible to obtain a good view of them. 

Among the enemies of the Bahama Duck the Mongoose probably 
ranks high, as with other ground nesting birds. Then there are the 
egg hunters who take the eggs to eat, and last but not least are the 
hunters who consider the Bahama Duck an especial prize. 

The stomach of a male Bahama Duck collected April 11, 1924, 
contained 6 per cent of animal matter and 94 per cent of vegetable 
matter. The animal matter consisted of 2 Dytiscid larvae. Ninety 
per cent of the vegetable matter was pondweed (Naias guadefaupensis) 
and* the other 10 per cent consisted of 20 seeds of Perswaria porto- 
ricen&s. In addition mineral matter to the extent of 52 per cent of 
the stomach contents was found. This consisted of coarse gravel, 
85 per cent of which was red rock and 15 per cent white quartz. Dr. 
Wetmore examined the stomachs of eight adults, which contained 
green algae (83.75 per cent) and seeds of ditch grass (Ruppia mart• 
tima) (16.25 per cent), while two downy young had eaten various 
grass BeedB varied with a few aquatic Hemiptera. 

The Bahama Duck is dependent upon the marsh for food but not 
for shelter. It breeds away from the marsh, but is found there at 
all other times. Apparently it has found that its nests are safer in 
other places. If it nested in the marshes at present it is doubtful if 
many nests would escape the ravages of the eggers. It'appeared to 
be less common in 1924 than in 1922. It needs absolute protection 
from February 1 to December 1 to keep it from becoming a rara avis 
in the Porto Bican avifauna. * ' 

14. MARIL A AFFINIS (Eyton). Leaser Scaup Duek. Pato turoo. 

The Lesser Scaup Duck is a winter visitor to Cartagena Lagoon. 
In 1924 the last birds seen in the spring were two on May 16, and 
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the first fall arrivals noted were a flock of twelve (six males and a 
females), on September 23. On May 5, 1924, I observed a flock < 
between fifteen and twenty in migration, at Mayagiiez. It was jui 
before sunset. They were flying due north over the ridge of hill 
which separates Mayagiiez and Afiasco valleys. They kept in A 
formation, and flew at a height of about 200 feet above the hilli 
At Cartagena Lagoon the Lesser Scaup is common in February am 
March, but occurs rather sparingly earlier and later. As many a 
200 may be observed in one day in February. I noted them ai 
common at Anegado Lagoon on March 4,1922. On January 5,1924 
there were about 50 at Guayabal Reservoir in the mountains neai 
Villalba. 

At Cartagena Lagoon the Lesser Scaup inhabits the open-water 
association exclusively. It is almost always found in small flocks 
of from two to twelve. On two occasions I have observed flocks of 
greater size, a flock of forty on March 11, 1924, and one of sixty on 
March 17, 1924. 

While in Porto Rico man is the worst enemy of the Lesser Scaup, 
as they keep well out towards the center of the lagoon, out of^each 
of the marauding Mongoose. They also succeed fairly well ais a 
general rule in keeping out of reach of hunters, most of whom try 
for game that is more easily obtained, and the flesh of which is more 
palatable. 

Tn the three stomachs examined, animal matter constituted 50.5 
per cent and vegetable matter 49.5 per cent. All the animal matter 
was contained in one stomach, and consisted of 13 Planorbis snails 
(80 per cent of animal matter), and 6 Belostomidse (20 per cent 
of animal matter). 73 per cent of the vegetable matter consisted of 
pondweed (Naias guadeloupensis ); 6.7 per cent of seeds of Com¬ 
posite; 20 per cent of Pcrsicarm portoriemsis seeds; and 0.3 per 
cent of seeds of Hymenachne amplcxicaulis. In addition, gravel to 
the extent of 39.7 per cent of the stomach contents was sound. A 
bird collected by Dr. Wetroore (1916, p. 29) at Gu&nica Lagoon had 
eaten mostly insects, including aquatic Hemiptera, Coleoptera and 
dragonfly naiads. 

While at Cartagena Lagoon the Lesser Scaup is strictly a bird 
of the open-water association; it is harmless in its food habits, and 
quite well able to take care of itself under existing game laws. Its 
flesh is not particularly palatable, though it is better in the fall 
than in the spring. 




FIQ. 13—Cartagena Lagoon. Pluckea Association. Cat-tails in Background 



PIGh 14.—Cartagena Lagoon. Pluckea Association. cat.ta!i« in ’***>-****-* 

















FIG 15—Cartagena Lagoon Mudflats m July 



FIG. 16.—Porto Rican Royal Palms 
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18. EEI8MATUBA ALLENI (Danforth). Allen’s Ruddy Duck. Choruo. 

Tttto ehurieo. 

Allen’s Buddy Duck is a common permanent resident at Car¬ 
tagena Lagoon, and is one of the commonest breeding birds there. 
However, as in the case of other aquatic birds, it is forced to leave 
when the lagoon becomes dry. In 1924 the last one seen as the lagoon 
was drying up was on June 14, with the exception of some molting 
birds unable to fly observed on June 28. They began to return on 
August 20, but it was September 3 before they were hack in their 
usual numbers. Most of them apparently go to the mangrove 
swamps of the coast when forced away from the lagoon. As nearly 
as I can estimate somewhat over 100 pairs nested at Cartagena 
Lagoon in 1924. When Anegado and Gu&nica Lagoons are dry as 
many as 300 birds at a time may be observed feeding at Cartagena. 
A few were noted at Guayabal Reservoir on January 5, 1924. 

Allen’s Ruddy Duck feeds primarily in the open water and cat¬ 
tail associations, and nests in the cat-tail and sedge associations, and 
to some extent in the grass association. 

One of the most characteristic and attractive sights at the lagoon 
is a raft of these dapper little ducks in the more open parts with 
a dense growth of tall cat-tails rising like a wall behind them. 
Oh the appearance of danger they often swim into the cat-tails for 
projection, but they more often take wing and fly to some distant 
part of the lagoon. On first appearance it would seem that their 
almost absurdly short wings would be unsnited for flight, but such 
is decidedly not the case, for they are often seen flying over the 
lagoon, especilly on days when they are much disturbed by hunters. 
When a gun is fired near them they almost invariably try to escape 
by taking wing instead of by swimming or diving. But unless one 
comes upon them suddenly or startles them by firing a gun they 
usually swim slowly away from one, keeping a little over a gunshot 
ahead until they meet some obstruction, when they invariably fly. 
Their flight is rapid and almost bullet-like, usually for but diort 
distances, and is maintained by very rapid wingbeats. 

Allen’s Ruddy Ducks usually live in flocks of from ten to a 
hundred, occasionally as many as two hundred. While feeding the 
individuals scatter somewhat and are usually associated with, Coots 
or with Lesser Scaup Ducks, and when flushed they likewise fly with 
the Coots and Scaups, though remaining somewhat segregated. On 
extra windy days the ducks stay out in water that is rough enough 
to drive the Coots to shelter. 
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Although primarily birds of the open-water association Allen’s 
Ruddy Ducks frequently feed among the cat-tails, and are very 
often found in the parts of the open water near them. This is 
probably because most of the deepest parts of the lagoon are near 
the cat-tails. This fact is well known to the hunters, who conceal 
themselves in the cat-tails and obtain large numbers. It is one of 
the first species to approach a blind after the hunter conceals 
himself. 

These little ducks obtain most of their food by diving when the 
water is deep enough to make this necessary, but they do not stay 
under water long. 

This species has been previously considered identical with E. 
jamaicensis of North America, but upon examination of the speci¬ 
mens collected the wing and tail proved much shorter, the tarsus 
longer and the coloration darker than E jamaicensis. These charac¬ 
teristics, together with the fact that the male undergoes no eclipse 
plumage, as such, influenced me in describing the Ruddy Duck found 
in Porto Rico as a new species.* Male birds of this species may 
be observed in the red plumage every month in the year, add 
molting birds in March were molting from red into red. This con¬ 
stitutes a deep and fundamental difference between E. alleni and E. 
jamaicensis, the males of which spend at least half the year in the 
brown eclipse plumage, in which they closely resemble the female. 

The Ruddy Ducks are extraordinarily silent birds. I cannot 
recall hearing them utter call notes of any kind Shortly before the 
nesting season they may be observed swimming around in pairs 
among the cat-tails and sedges, apparently investigating suitable 
nesting spots, but I have never observed the actual mating. 

The nesting season apparently extends from November to May. 
Oundlach (1878, p. 407) found them hatching at Gu&nica Lagoon in 
November 1873. Struthers (1923, p. 471) records twenty-two neats 
found at Anegado Lagoon from December 1, 1921, to March 1,1922. 
At Cartagena Lagoon I have found nests from December to May, 
and the birds were apparently getting ready to breed in October 
1924. The eggs were just hatching in a nest found on December 
27, 1923. The latest nest I have found was one in which the com¬ 
plement of six eggs was completed on May 23, 1924. This nest waa 
broken up before the eggs hatched. Another nest that had one egg on 
this date was also broken up. By far the greater number of nests I 

* Described in the October 1925 as BrUmatura atttni, named m boner of Dr. 
Arthur A Allen, Professor of Ornithology at Cornell University 
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found were from the latter part of February to the early part of 
May, but March is the month in which nests are found most abun¬ 
dantly and in which the eggers live highest. 

Several types of nests are used, but perhaps the commonest is 
made of sedge and grass stems and placed in clumps of sedges where 
the water is a foot or less in depth. It is a rather bulky affair, built 
up so that the bottom of the nests is about at water level, yet it 
is well concealed in the sedge clumps. The top is hollowed to receive 
the eggs, but it is not much move than deep enough to contain them. 
On Las Casitas many nests are built among the tall grasses where 
there is little or no water. These nests are constructed almost ex¬ 
clusively of grasses. I have found four floating nests of this species 
anchored among the cat-tails. They were built of dead cat-tail 
leaves, built up to such a height that the bottoms of the eggs rested 
about four inches above the surface of the water. They were all in 
the edges of the cat-tail areas, and anchored in water from eight 
inches to four feet deep. One of these was found on December 27, 
1923; one on February 19, 1924, and two on May 9, 1924. Another 
nest was found May 23, 1924, in the cat-tails where the water was 
only four inches deep, so that it rested upon the bottom. 

The nests which appeared to contain full complements of eggs 
contained from four to eight eggs. The average is six or seven. 
However, Struthers (1923, p. 471) records finding nests with from 
one to twelve eggs at Auegado Lagoon, and Mr. Luis H. Mendoza, 
a university graduate and an experienced hunter, informs me that, 
at a small marsh at Cabo Rojo he once found a nest with twenty- 
two eggs. It is possible however that in the case of some of the 
larger sets more than one female deposited eggs in the same nest. 
The eggs are very large for the size of the bird. They are white 
in color. The smallest egg measured was 62 X 48 millimeters, the 
largest 65 X 50 millimeters. It was impossible to make long-con¬ 
tinued observations of any of the nests found, due to the activities 
of eggers and the marauding Mongoose. In one case, however, a 
nest remained undisturbed long enough for me to ascertain the 
rate of deposition of eggs. On May 16, 1924, I found a new neat 
of grass, placed among the cat-tails on what was then dry land, as 
the lagoon had already receded to a considerable extent. On *that 
date it contained one egg. On the 20th it contained four eggs, and 
on the 23rd, six eggs. On the 27th all the eggs had disappeared. 
Thus the female laid an egg nearly every day until the set was 
completed. 
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The young on hatching are covered with a rather stiff, bristly 

down. It is blackish brown above, with a whitish spot on each side 

of the back. A brownish-white stripe runs from the bill below the 
eye to the occiput. Beneath this is a much broader brownish-white 
Stripe, extending onto the chin. The rate of the underparte are 
grayish white, shading into dark brown on the throat. 

Very few of the eggs laid are destined to ever become adult dueta, 

for f r enemies are many. First and foremost qraong these are 
eggers. The eggs are large and of good flavor, and are consequently 
most eagerly sought after. On March 1, 1924, five eggers collected 
nearly 200 eggs of this species. The eggers comb 1 he marshes with 
great regularity, and the wonder is that any eggs are left to hatch. 
The adult birds constitute one of. the largest items in the hunters* 
bags, as they are easily obtained by shooting from the cat-tails. 
The Mongoose likewise looks upon Allen’s Ruddy Duck eggs with 
particular favor, and many a broken up nest gives telltale evidence 
of this culprit. But this species is confronted with a peculiar 
danger in addition to those already enumerated. In common with 
all other ducks this species has the habit of molting all its primaries 
at once, rendering it flightless for a period. Many of them are at 
this flightless stage when the lagoon dries up. They flounder around 
on the mudflats and fall an easy prey to hunters, who use dogs to 
aid in their capture. On June 28, 1924, many were being caught in 
this manner. 

The stomach contents of five birds collected on March 1, 1924, 
were examined. Four other specimens were collected for me later, 
but unfortunately their stomachs were not saved. Animal matter 
comprised 9.8 per cent of the stomach contents, and vegetable matter 
90.2 per cent. Of the animal matter, 47 per cent was dragonfly 
naiads; 20 per cent Dytiscid larvae, and 33 per cent Belostomidae. 
Of tlic vegetable matter, 68 per cent was seeds of Persicaria porto- 
ricensis; 28.7 per cent pondweed, (Naias guadeloupevs s ); 2.5 per 
cent seeds of Composite; 0.4 per cent seeds Seshan emerus and 0.4 
per cent rubbish. Mineral matter, which formed 59.2 per cent of 
the stomach contents, consisted of coarse gravel. Eighty per cent 
of this was red shale, and 20 per cent white quartz. 

To sum up, Allen’s Ruddy Duck feeds primarily in the open 
water society, where it associates with the Porto Rican Coot and 
Lesser Scaup Duck. It breeds in the cat-tail and sedge associations, 
and, on the island, in the grass association. It is entirely dependent 
on the marsh for its food, and is harmless in its food habits. It is 



BIRDS OF CARTAGENA LAGOON 


45 


a very important game bird in a land where game birds are few, 
And to preserve it much better protection from its principal enemies 
(eggera, hunters and the Mongoose) is imperative. The taking of 
eggs should be absolutely forbidden. The game laws at present 
permit the hunting of this bird from January 1 to May 1, which is 
entirely within its breeding season, during which it should receive 
absolute protection. An open season during the fall months would 
be much more satisfactory. 

16. DENDROCYQNA AUTUMN A LIS (Linnaeus) Black-bellied Tree Duck. 

Chiriria . 

The Black-billied Tree Duck is not uncommon at Cartagena 
Lagoon, especially during the autumm months. Often while walking 
through the tall sedges a seemingly enormous bird is flushed and 
with a few shrill whistles sails over the marsh to take refuge in 
some distant part of it. If a native son of Porto Rico be present 
the word Cliiriria will instantly be upon his lips and a longing look 
will come in his eyes as he watches a dinner fit for kings speedily 
departing from him. The Chiriria is sometimes found in the grasses 
and cat-tails as well as in the sedges. It is seminoctumal, and feeds 
mostly by night. According to the country people, most of the 
Chirirlas spend the day in the hills and descend to the swamp at dusk 
to feed. Hunters lie in wait along their lines of flight and obtain 
them at that time, and a royal good meal they are said to make. 
The birds seen in the day time are always flushed singly or in 
pairs; at night they arc said to come in flocks of as many as twenty- 
five. Kladio Sanoguel reported 100 feeding at Cartagena Lagoon 
by night on October 10, 1924, and I have frequently been told by 
various hunters of the occurrence of from 50 to 75 individuals. 
Unfortunately I was unable to visit the lagoon by night to observe 
their feeding habits at first hand, but they are said to feed not 
only in the marsh, but in cultivated fields as well, especially those 
in which grain is grown. 

The Black-bellied Three Ducks nests rarely, if at all, at Cartagena 
Lagoon. The only evidence I have of its ever nesting there was 
the discovery of a very large rotten white egg, at least twice as large 
as that of a Ruddy Duck, found floating among some cat-tails on 
May 30,1924. People who live near the lagoon say that the Chiriria 
nests on Tinaja Hill, building nests of grass on the ground in bushy 
places, and that they lay from eight to fourteen eggs. Eladio 
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Sanoguel reported finding such a neat with one egg on September 
6, 1924, but the press of other work prevented me from investigating 
it. He says that soon after hatching the parents lead the young to 
the swamps. Struthers (1923 p. 471) records finding a neat with 
two eggs and two nestlings in a hollow tree at Anegado Lagoon on 
February 18, 1922. Gundlach (1878 p. 400) says they nest on growths 
of Bromeliacere, on large horizontal limbs of trees, in hollow trunks, 
and in the dense vegetation of the lagoons, that the nest is made of 
dry leaves and twigs, and that twelve to fourteen or more eggs are 
laid. 

Probably haulers and the Mongoose are the worst enemies of 
this species. It is apparently much scarcer than it used to be in 
G and lack’s time. 1 know nothing definitely about its food habits, 
but I have heard no reports of damage done in recent years to crops. 
Its rank as the largest and most palatable Porto Rican game bird 
certainly entitles it to protection, at least from March to November. 

17. DENDROCYGNA ARBOSEA t (Linnaeus). Tree Duck. Chiriria pinto. 

A second species of tree duck occurs in Porto Rico, and is found 
rarely at Cartagena Lagoon. The native hunters are familiar with 
it, but they say it is very rare. Mr. Luis H. Mendoza saw a flock of 
eight on February 24, 1924, and described them as being a little 
larger than the ordinary D. autumnalis, and as lacking the white 
color in the wing. He said the general coloration as seen from 
above was reddish brown. His description agrees substantially with 
that commonly given by the hunters. On October 17, 1924, I saw 
a tree duck in the distance which lacked white in the wing, and 
which I was told was this second species. I did not see it well 
enough to positively identify it as Dcndrocygna arborea, but I believe 
it was this species. 

18. BOTAUBU8 LENTIGINOSUS (Montagu). Bittern. Taboo, 

The Bittern is a casual migrant to Porto Rico and to Cartagena 
Lagoon. 1 flushed one from a dense growth of sedges on November 
30, 1923. There are only three other published records for the 
Island. One was observed by Gundlach (1878, p. 361) at Gu&nica 
Lagoon in November 1873, and he records (1874, p. 313) one in the 
collection of Blanco at San Juan. Struthers (1923, p. 471) took 
a specimen September 23, 1921, in a swamp near Boquerdn. 
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19. IZOBSrcnua BXILIB BXILIB (Gmelin). Least Bittern. 

Martinets chieo. 

The Least Bittern is a fairly common permanent resident and 
breeder at Cartagena Lagoon, though much commoner in the winter 
and spring than in the summer and fall. It is primarily a bird of 
the cat-tail association, though it feeds quite extensively in the 
sedge association, and to same extent in the grass association. When 
disturbed while feeding away from the cat-tails it invariably flies 
with dangling feet and alights in them for protection. When one 
alights on a dead cat-tail it is difficult to distinguish the bird from 
the leaf, as the bird is so long and slim and protectively colored. 

The Least Bittern places its nest in the cat-tails four or five feet 
above the water. The nests are almost flat platforms, but quite 
substantially built of cat-tail leaves, sometimes with the addition of 
pieces of Persicaria plants. 1 have found nests from April 11, 1924, 
to May 9, 1924. Prom two to three pale bluish-white eggs are laid; 
two fresh eggs were collected from a nest, on May 9, 1924. They 
measured 1.30 X 0.95 inches. On May 2, 1924, I observed two adults 
accompanied by three young scarcely able to fly. Struthers (1923 p. 
471) records a nest with eggs at Gu&nica Lagoon on April 2, 1921, 
and Gundlach (1878, p. 360) found a nest on the branch of a shrub 
with* three eggs on May 7, on the bank of the Arecibo River. 

The Least Bittern is a very retiring bird, and apparently is not 
much disturbed by the Mongoose or by hunters. Eggers take their 
eggs whenever found, and are probably the worst enemy of the 
species. 

No stomachs were obtained for examination, but Wetmore (1916, 
p. 27) reports that small fish formed 84.34 per cent of the contents 
of three stomachs collected at Gudnica Lagoon on may 26. Crus¬ 
tacean remains formed 13.33 per cent; amphibian remains 0.33 per 
cent and aquatic Hemiptera 2 per cent. Many feathers were also 
eaten by these birds. 

The Least Bittern is thus shown to be strictly a bird, of the marsh, 
nesting and seeking shelter in the cat-tails, but feeding largely in 
the grass and sedge associations. It is a harmless or even slightly 
beneficial species. The taking of its eggs should be prohibited. 

20. AEDEA HERODIAS ADOXA (Oberholser). West Indian Great Bine 
Heron. Garzdn oeniso . Yaguasa . 

The West Indian Great Blue Heron is a tolerably common perma¬ 
nent resident. It ocurs at Cartagena Lagoon at all times of the year, 
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but does not nest there. Its case is probably analogous with that of 
most of the other herons, which feed at the lagoon but resort to the 
mangroves of the coastal islands for nesting. Apparently this is a 
species which has been increasing slightly reoently. In 1911 and 
1912 Wetmore (1916, p. 26) noted but two; apparently Strothers 
(1923 p. 471) observed but seven in 1921 and 1922 (five at Anegado 
Lagoon and two at Boquerdn). This agrees well with my own ex¬ 
perience, for in 1921 and 1922 I found but thirteen birds (six at 
Cartagena Lagoon, six at Anegado Lagoon and one at Mayagiiez). 
In 1923 and 1924 the increase in their numbers was very noticeable. 
At Cartagena Lagoon as many as twelve were sometimes in sight 
at one time, and on January 14, 1924, I noted fifteen. I also 
observed them more frequently on other parts of the Island, notably 
at San Juan on November 23, and January 3, 1924; Toa Baja on 
November 24, 1923; Mayagiiez on November 30, 1923; Guayanilla 
on January 2,1924; Boquerdn on March 8, 1924; Cape Bojo Light¬ 
house on April 26 and 27, 1924, and Anegado Lagoon on December 
14, 1923. % 

On February 27, 1924, 1 collected a female of this species at 
Cartagena Lagoon. The ovary was rather enlarged, indicating the 
approach of the breeding season. Unfortunately the stomach was 
empty so I can say nothing about the food habits. Probably they 
will not be found to differ materially from those of the North 
American variety. They are said by the country people to catch 
unwary birds that come too close. On October 20, 1924, I observed 
one pursue a Gray Kingbird for some distance. For a long time 
neither seemed to gain on the other, but finally the Kingbird gave 
a spurt and eluded its ungainly pursuer. Whether the heron was 
trying to make a meal of the Kingbird or not I cannot say. 

While at Cartagena Lagoon the West Indian Great Blue Heron 
shows a decided preference for the grass association. Here its great 
height permits it to observe any approaching danger at a considerable 
distance, and it is a lucky hunter who gets a shot at one. Very few 
of the hunters I interviewed had ever been able to obtain one. 

21. HEBODIAS EOBETTA (Gmelin). American Egret. Oan&n bianco. 

The American Egret is a rather uncommon permanent resident 
at Cartagena Lagoon, although, as in the case of the Great Blue 
Heron, it probably nests only in the mangroves of the coastal islands. 
From one to four were observed on practically every visit I made to 
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f$u& ftgpca, ttfeo while it was dry* The habits of this species and of 
the Great Blue Heron, with they sometimes associate, are almost 
identical, though the Bgret is even warier, and 1 have never met a 
hunter who had been able to obtain one. Lite the Great Blue Heron 
its habitat is the grassy part of the lagoon, though both on rare 
occasions arc found in the sedges. No stomachs were available for 
examination. One obtained by Dr. Wetmore (1916), p. 26) con¬ 
tained a small goby and seven entire frogs ( Leptodactylus alb&abris), 
69 per cent; a mole cricket and some grasshoppers, 15 per cent; 
and some'vegetable matter, 4 per cent. 

The only places in Porto Rico other than Cartagena Lagoon at 
which, 1 have observed this species are Anaaco (November 24, 1928); 
in the mangroves at Boqueron (March 8, 1924); and fis hin g in 
salt water near Cape Rojo Lighthouse (April 26 and 27, 1924). 
Wetmore (1916, p. 25) records a nest in the mangroves near Ma- 
rneyes on February 14, 1912, and a breeding colony of 15 or 20> 
on Pinero Island, near Fajardo. They are said to nest on small 
islands off the south coast, but they are certainly far from common. 
They should be prevented from becoming exterminated, both on 
account of their destruction of injurious insects and on account of 
their beauty. 

22. &BBETTA CANDIDI8SIMA CANDIDJ88IUA (Gmelin). Snowy Egret. 

Qarea blanca. 

The Snowy Egret is another heron which feeds at the lagoon, 
but apparently nests only on the mangrove islands near the coast. 
They may be distinguished from the white immature specimens of 
the Little Blue Heron as the tarsus is black and the toes yellow, 
while in the latter the tarsus is greenish. 

The Snowy Egret is found at Cartagena Lagoon at all times of 
the year, but is most common during the summer months when the 
lagoon is dry, or nearly so, and there are extensive mudflats which 
it uses as a feeding ground. When the lagoon is full it feeds ia 
the grassy areas, and occasionally in the caneflelds. 

It is usually found in small flocks, and in the summer often ia 
larger flocks. On June 21, 1924, I observed a flock o 1 120, and on 
Jnly 2, 1924, a flock of 90. Sometimes it occurs in mixed 
with Florida c. caerulescens, bat usually each species flocks by 
itself. 

1 have noted birds with nuptial plumes as early as March 22, 
19$8, and as late as May 20, 1924. * 
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On Jane 8 , 1924,1 collected a male. It measured 28.5 InAdi In 
the flesh. Its stomach contained only animal matter. Twenty- 
seven entire KVUfith (PcscHia vivipara) and the fragment of others 
constituted 78 per cent; 14 damselflies and 4 damselfly naiads 
formed 19 per cent. The remaining 3 per cent consisted of aquatic 
Hemiptera (2 Peloeorit femoratus), 2 per emit; and 1 Oort* a reti¬ 
culata, 1 per emit. A bird taken by Dr. Wetmore (1916, p. 25) 
near Rio Piedras had eaten two dragonfly naiads, a small crab, a 
lisard and a small frog. Another from Mameyes contained gobies, 
Dolicbopodid flies and grasshopper fragments.' 

Formerly these Egrets were much persecuted by plume hunters, 
and occasionally they are molested even yet on this account. Usually 
they are hunted but little, as they are wary and their flesh is not 
very palatable. The Mongoose cannot often molest them, so con¬ 
ditions seem favorable for their increase. This increase is apparently 
slowly taking place, and iB very gratifying, aB this is a beautiful 
species, and if abundant would probably help materially in combating 
the mole cricket. 

28. EYDBANAB8A TBICOLOB BVFIC0LLI8 (Goase). Louisiana Heron. 

Oarta de vientre bianco. 

The Louisiana Heron is not very common, but it occurs quite 
regularly at Cartagena Lagoon during most of the year. However, 
there was a period from July 5 to September 23, 1924, when I did 
rot see any. Whether they were breeding in the mangroves at this 
time or not would be difficult <to Bay without further investigation. 
They certainly breed on the island, as on October 7,1924,1 observed 
two young birds about three-quarters grown. They were almost 
foolishly tame, though they could fly fairly well when they Anally 
decided to do so. 

While at Cartagena Lagoon, Louisiana Herons were found either 
singly or in small groups of two or three. They were often observed 
fishing in the open-water near cat-tails, and perhaps were even 
more often flushed from the sedges and from the Pluckea association, 
and they are sometimes found in the grassy regions where most of 
the Heron life of the lagoon congregates. They have a very harsh, 
raucous cry, but it is seldom uttered. 

A male collected June 3, 1924, measured 26.8 inches in the flesh. 
Its testes were much enlarged. Its stomach contained only animal 
matter. Kiliiflah fragments (Poecilia vivipara ) constituted 27 per 
cent; Dytiseid fragments, 20 per cent; a dragonfly naiad, 6 per 
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MBS, and Other muoh-oomxmnQted insect remains, 47 per cent. A 
bird taken by Wetmore (1916, p. 25) had eaten a goby and killifiahee. 

Louisiana Herons are not much hunted, and it is doubtful if the 
Mongoose is very injurious to them, yet they are not so common as 
most of the other herons. The only localities in Porto Bico other 
than 'Cartagena Lagoon at whieh I have observed this species are 
at Anegado Lagoon, and in mangrove swamps at the Cano Corasdn, 
near Mayaguez, and at Boquerdn. 

24. WLOBIDA CABBULBA CABBULBBCBBB (Latham). Little Bine Heron. 

Goran anti. Qarra blanoa. Qarea pinto. 

She Little Blue is the most abundant heron at Cartagena Lagoon 
at all times of the year, but it does not breed there. It feeds in all 
the associations of the marsh proper except the cat-tail, but most 
commonly in the grass and sedge associations. It also feeds exten¬ 
sively in the canefields, not only near the lagoons, bat practically 
everywhere in the coastal region of the Island. It is particularly 
abundant in the canefields near Hormigueros. Other places on the 
Island at which I have observed it include San Juan, MayagUez, 
Afiahco, Filial Amor, Cabo Rojo, Yabucoa, Boquerdn, Parguera, 
San Germ&u, La Plata, Lajas, Cape Rojo Lighthouse, and Anegado 
andL GuAnica Lagoons. It probably nests almost exclusively in the 
mangroves of the coast. Birds are often observed flying over the hills 
from the lagoon towards Parguera, where they are said to nest. 

Little Blue Herons occur at the lagoon in particular abundance 
in the fall. On September 30, 1924, I attempted to make a count 
of a big aggregation of these herons in the grassy region east of the 
lagoon. It was impossible to count them exactly, but there were 
certainly at least 1,000 of them. They are quite shy, and it fa 
impossible to approach them very closely. 

In Porto Rico, at least, Little Blue Herons apparently retain 
their white juvenile plumage for only one year. During the latter 
part of June and most of July only birds in the blue adult plumage 
were obeerved. In August a few white birds began t6 appear. On 
September 17, 1924, I noted that about one quarter of all the birds 
seen were white, and on September 80 about 500 out of the 1,000 
birds seen were in white plumage. Approximately half the *birda 
seen in the winter months are in tins plumage. In February a few 
white birds begin to show a little blue in the plumage. By the 
middle of April all the immature birds show a little. By May 
meat of them have attained the odd-appearing half bine and half 
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white or pied plumage. At this stage they are known to the country 
people aa garea pinto. The amount of blue in the plumage gradually 
increases until by the first of July virtually one hundred per cent 
are in full blue plumage. The white birds apparently begin coining 
to the lagoon to feed very soon after the breeding season. Gundlaoh 
(1878, p. 357) says that the breeding season extends from May to 
July. Wetmore (1916, p. 23) records eggs the first of May at 
Yabucoa, and Struthers (1923, p. 470) found four nests with young 
in the mangroves west of Boqueron June 15, 1921. 

The Little Bue Heron apparently has but few enemies. The 
Mongoose cannot easily obtain its young unless they fall on the 
ground, and hnnters molest them but little. 

The food of the Little Bue Herons collected at Cartagena Lagoon 
was almost exclusively animal matter. The 0.5 per cent of vegetable 
matter found consisted of seeds and was probably taken in acci¬ 
dentally with other food. A bird taken April 18, 1924, had eaten 
insects exclusively. Among these were a large Dytiscid larva (25 
per cent); a large smooth green caterpillar (20 per cent); a water 
bug, Belostoma, (25 per cent); a grasshopper (5 per cedi), and 
a Naucorid (Pelocoris femoratus) . A bird collected December 27, 
1924, had obtained a more varied diet. Its stomach contained 15 
entire frogs ( Leptodactylus albilabris) constituting 25 per cent; 4 
centipedes, 20 per cent; an adult mole cricket ( Scapteriscug didac- 
tulus), 18 per cent; 1 large ground cricket, 6 per cent; 2 gram- 
hoppers, 4 per cent; 2 Belostomida;, 8 per cent; 1 Pelocoris femo¬ 
ratus, 1 per cent; 7 Notonectidsu (Pica sp), 4 per cent; 1 spider, 
2 per cent. Mole crickets also formed 7.23 per cent of the food in 
15 stomachs examined by Dr. Wetmore (1916, p. 24), and other 
insects formed 31.51 per cent. 

This species is very useful in the destruction of mole crikets 
and other Orthoptera, despite the fact that it obtains most of its 
food in the swamps. Doubtless specimens obtained in the canefields 
would show an even higher percentage of mole erickets and other 
injurious insects. 

26. BUT0BIDE8 VIBE8CBN8 MACULATES (Boddaert). "West 
Green Heron. MartineU. Martin peseador. 

The differences between the eight forms of West Indian Green 
Heron* described by Oberholser (1912, pp. 529, 577) are so nK gfct 
that I prefer to follow Barbour (1923, p. 30) in grouping them at! 
under one name. 



* BXBDS or CABTAGENA LAGOON 53 

This is a common species at Cartagena Lagoon, and is the only 
member of the Heron tribe except the Least Bittern which nests in 
the immediate vicinity of the lagoon. It does not nest in the marsh 
proper, but principally in the Bamboo association, and to some 
extent in the larger trees which are interspersed in the Varronia 
association and in the Tachuelo association. Its principal feeding 
ground is the sedge association, although it is sometimes found in all 
of the associations. Tt is also frequently found in the canefields, and 
even at considerable heights in the hills near small mountain streams. 
It iq the most generally distributed heron on the Island, but it is a 
rather poor second to the Little Blue Heron in abundance at Cartagena 
Lagoon. It prefers region^ with denser vegetation where it can 
better conceal itself while seeking its prey. When alarmed it flies 
up with a scream-like skeow and alights on an elevated perch, if 
such be handy, to watch the intruder. It is the least suspicious of 
the herons and can often be approached closely. 

Most of the nests I have observed were bulky affairs built of 
sticks, placed in quite inaccessible position near the tops of slender 
bamboos. In April, 1924, many martinetes were building nests. 
Apparently the main breeding season is in April and May, though 
1 observed a nest in use on November 30, 1923. Young birds unable 
to fly are most frequently found in May. They are then easily 
ci,pin red, and are often kept as pets. In the coastal regions the 
nests are usually placed in the tops of cocoanuts palms, where they 
are quite secure against most enemies except the rats which frequent 
such places. It is likely that the Mongoose secures an occasional 
martinete in the act of feeding. Once I observed a martinet* alight 
on along projecting into the water. Immediately a large Mongoose 
glide d s'lci fly out on the log. The heron realized its danger in the 
nick of time and flew squaking away. The Mongoose sniffed the 
air and returned to shore, disappointed at losing a good dinner. 
Doubtless many less wary individuals fall victim to the bloodthirsty 
Mongoose. 

The contents of three stomachs collected at Cartagena Lagoon 
were examined. One collected on December 27, 1923, was nearly 
empty. All that was identifiable were some cockroach fragments. 
Two collected on September 30, 1924, contained nothing but insects 
and spiders. In these two,, dragonfly naiads constituted 32 per 
cent; LocUstid grasshoppers, 11.25 per cent; 9 Pelocoris femoratus, 
6.5 per cent; spiders (Aranea sp), 7 per cent; 7 blue damaelflies 
(all in 1 stomach), 10 per cent; Notonecta up. 0.25 per cent; 
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1 Belostma sp., 2 per cent; Hydrophilid lartw, 0.5 per oent; «dnlt 
nidge 0.26 per cent. Wetmore (1916, p. 24) found that neb crickets 
formed 64.33 per cent of the food of 81 stomach*. Probably these 
form a large part of the food when feeding in the c anefMd s. It ia 
one of the most valuable eapedes an the Island from the standpoint 
of the sugar grower, and should be protected at all times. It can 
be encouraged by planting bamboos along the streams and irrigation 
ditches for shelter. It is very adaptable to c h a ng i n g c ond itions, 
and is common at almost all localities in the coastal plain, though 
it is particularly common at the lagoons, probably became insects 
and other small animal life are more abundant there. 

88. NYCTICOBAX NYCTICOBAX NABVTU8 (Boddaert). Black-crowned 
Night Heron* Yaboa, 

The Black-crowned Night Heron is a rather uncommon permanent 
resident at Cartagena Lagoon, though apparently slightly on the 
increase. Wetmore (1916, p. 21) did not find this species* and 
Struthers regarded it as rare. In 1921 and 1922 I observeWt there 
only once (April 8, 1922), while in 1923 and 1924 it was frequently 
observed, though never more than six in one day, and usually only 
one or two. During the winter only adults were noted, but in June 
immature birds appeared, and were observed regularly until October. 
An immature specimen was obtained on June 28, 1924, but the 
stomach contents were too much decomposed for identification. At 
Cartagdna Lagoon Taboos are usually observed only when flushed 
from the dense cat-tails or tall sedges in which they spend the day. 
Doubtless they could be observed feeding after dusk. They are 
regularly hunted by the country people who say that the flesh is 
very good. It does not nest at the lagoon. 

27. NYCTANA8SA VIOLACBA (Linnaeus). Yellow crowned Night Heron 

Yahoo. 

The Yellow-crowned Night Heron is a more generally distributed 
bird in Porto Rico than the Black-crowned, but it is observed far 
less frequently at Cartagena Lagoon. Like the Black-crowned 
species it is much hunted for its flesh. That is said to be the reason 
for the present scarcity of these two species. Bowdish (1902, p. 359) 
found it common at the localities he visited. He found fiddler crabs, 
cels and crawfish in the stomachs which he ex a mined * 
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88. PORTANA CAROLINA (Limuwn*). Bora Gallareta chiqulta. 

The Sent is a tolerably common winter visitant at Cartagena 
Lagoon. It arrive* in October (October 14, 1924), and leave* in 
April (April 8, 1922; April 18, 1924). While at the lagoon it ia 
found most commonly in the Pluckea and sedge associations, though 
it often ventures into the cat-tail*. Occasionally they can be observed 
walking on the pond-lily leaves, and even on the floating Pisiias. 
When flushed they fly with dangling legs to the nearest shelter, which 
more often than not is a dumb of cat-tails. During the winter they 
are as a rule quite silent, but as spring approaches their characteristie 
whilrny ia heard with greater frequency. While in Porto Rico the 
Sora haa but few enemies, as there are not many hunters who waste 
their ammunition on so small and elusive a bird, and I doubt if even 
the Mongoose is quick enough to get very many of them. No stomachs 
were available for examination. 

29. PORZANA FLAFIFENTRI8 (Boddaert). Yellow-bellied Bail 
Odllareta chiqyita. 

* 

The Yellow-bellied Rail is a permanent resident at Cartagena 
Lagoon. While it cannot be said to be very common, it is commoner 
than it is usually supposed to be, since on account of its retiring 
habits it easily escapes notice. It occurs almost exdusivdy in the 
sed&e and grass associations. On being flushed it flies quite swiftly 
for a short way and then suddenly drops into the vegetation, from 
which it is usually impossible to flush it a second time. On one oc¬ 
casion (May 23, 1924) one stalked ahead of me through the cat-tails 
for a considerable distance as though trying to lead me away from 
its nest, but search as I would I could not find it. So far as I can 
ascertain the nesting habits of this species remain undiscovered. 

1 collected two birds for examination of the stomach contents. One 
collected on February 19, 1924, contained animal matter, 99 per cent 
(entirely insects); and vegetable matter, 1 per cent (1 small un¬ 
identified seed). The insect matter consisted mainly of four Syrphid 
pups and the fragments of a Lamellicom beetle. T)ie stomach con¬ 
tents of a male collected April 4, 1924, consisted of 96 per cent of 
animal matter and 4 per cent of vegetable matter. The vegetable, 
matter was green algs with a little rubbish. The. Identified # animal 
matter consisted of 1 Dytiscid larva (20 per cent); 1 Syrphid fly 
(18 per cent); 2 Notonectide (10 per cent). This bird had also 
eaten six down feathers, totalling 16 per cent of the stomach eon- 
, tents. 
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SO. IOtf0Ktn$ MASTIKICUS. (linnawa). Purple CWltaaito. ritffe 

9be Purple Gallinule is net uncommon at CartagenaLagooa* 
where it is a permanent resident. It is a bird of the cat-tail, sedge, 
grass and Pluckea associations, and shows but little partiality towards 
any one of these, except that for nesting 1 it prefers the cat-tails. One 
seldom seems more then ten Purple Gsllinules in a day at the lagoon. 
If alarmed while feeding it runs very fast, occasionally using hi 
wings to gain increased speed in propelling itself through the vegeta¬ 
tion, until it reaches the protection of the nearest dump of cat-tails. 
If the distance to be covered is too great it takes wing. In one case 
a bird flew into the top of the cat-tails and gave vent to its dis¬ 
pleasure in a series of rail-like cackles before disappearing into the 
hidden recesses of the cat-tails. I have never observed this species 
swimming They are usually flushed singly or in pairs One seldom 
catches more than a fleeting glimpse of them as they disafl|tear into 
the cat-tails, so they are very hard to shoot An experienced hunter 
with whom I talked said lie had been trying for ten years to obtain 
some Purple Gallinules, and in that time he had succeeded in shoot 
ing just one, and he is no mean marksman, as I can testify after 
seeing him bag five ducks out of six shots, each of them single birds. 

The Purple Gallinule has two nesting seasons at Cartagena Lagoon 
The principal one is in April and May, but there is another extending 
from the last of August through October. 

In 1924 the first evidence I had of the breeding season was on 
April 8 when I observed a Purple Gallinule fly into the cat-tails with 
a large leaf in its mouth During 1924 I discovered eight nests of 
this species Six were in May, one in September and one in October. 
All but one were placed in cat-tails at heights ranging from she 
inches to six feet above the water, most of them being from two to 
three feet above it This constitutes an important difference between 
the nesting of this species and that of GaUinula ckioropus portori • 
tmm All of these cat-tail nests were more or less substantial bulky 
platforms of eat-tails leaves In two of them the leaves used in con¬ 
struction were still green. The eggs are light buff with larger ru&U* 
brown spots and blotches than those of G. c. partorioensu. Another 
important difference is that all the eggs of Ionomia have mom ax 
less distinct spots and blotches of pale lavender, especially at the 




FIG. 21*—Closer View of Same Nest 



















IIG 23—Newly Hatched West Indian Pied hilled Grebe 
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Tfce mamemt/abt at three eggs from different sets Write 
1.00 X 1.15 inches? 102 X115 inches and 1.7X12 inches. The 
fttttther of eggs varied from two to six. 

The one neat which was not in the cat-tails waa found on Auguat 
20,19St, when it was partly completed. It was constructed of the 
stems of sedges, and was placed in a clfimp of sedges at a height of 
one foot above the water. The nest was deserted before any eggs 
were laid in it The other fall nest was found on October 14,1924. 
It waa placed four feet up in some cab-tails, and at that time con¬ 
tained one egg. On October 17 the eggs had increased to three. 

¥he first spring nest that I located contained two eggs, one of 
them pipped, on May 9,1924. In the second nest the young hatched 
May 16. The third nest had five slightly incubated eggs on May 16, 
bat this was the lowest nest found and was later broken np, pre¬ 
sumably by a Mongoose. The fourth nest was also a low one. It 
contained three eggs on May 16, which had increased to four some 
time before May 20, but this nest was likewise broken up. The fifth 
nest contained two eggs which hatched on May 28. The sixth neat 
deserves most mention. I first discovered it on May 16. It waa 
built of green cat-tail leaves and placed in some fifteen-foot cat-tails 
at a height of six feet above the water. At that time it contained 
sflkeggs, at least one of which was only slightly incubated, as I 
learned by accidentally breaking one 'While I was examining the 
nest one of the adult birds slighted on some nearby cat-tails, hut on 
seeing me it gave some startled ducks and cackles and did not return 
agam within the hour and a half which I waited in concealment. 
When I visited the nest on the morning of May 27 one egg had 
hatched and another was pipped, and had hatched when I visited 
the nest a second time about an hour later. I took the two young 
birds back to Mayagiiez with me, leaving the three unhatched eggs 
in the nest. The next time I visited the nest (May 80) it contained 
two eggs and the shell from which a young bird had hatched, which 
I removed On my next visit (June 3) the nest contained the empty 
shell from which the fourth young had hatched, and one rotten egg. 
The long intervals between the hatching of the yonng indicates that 
incubation is begun before all the eggs are laid, an£ that they may 
not all be laid on successive days. The yonng on hatching were 
covered with a rather stiff black dbwn, except for a few white hair¬ 
like feathers on the head and throat The bill was rad at the base 
and Mack in front. The egg tooth and a region around it were 
-pure White. The iris was was such a very dark brown that it 
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appeared black unless examined olosely, in which ease it NuU 
be distinguished from the jet plaek pupil and feathers surround¬ 
ing the eye. The feet and legs were pinkish flesh color. They 
made a peeping sound resembling that made by the young of domestie 
fowl, but rather more discordant. 1 kept them in a small coop, at 
night placing them m a brooder improvised from a couple of tin 
cracker boxes and a kerosene lamp. They fed voraciously upon 
cracker crumbs moistened with water, cooked oatmeal and hard-boiled 
egg. They would take food only when it was offered to them in one’s 
fingers; any that dropped on the floor would not be touched. They 
liked to be in the sunshine, and when in it they would doze quietly 
unless they heard me coming. Then there would be a clamor for 
food, and when it was offered they would vie with each other for 
the lrst morsel, picking at the white spots on each other’s bill, and 
trying to push each other out of the way. The more aggressive on* 
sometimes grabbed its weaker brother’s wing in its bill. The sounds 
they made when they heard me approaching were loud discordant 
twitterings, not unlike those of young swallows in the nest. 'When¬ 
ever they were not dozing their wings were constantly ft* motion, 
wiggling back and forth alternately, beating the air until it seemed 
as though they would wear themselves out. 

By June 11 noticed that the red on the bills was getting less bright. 
The weaker bird died at the age of 8 days as the result of a chilling 
in a hard rain. It measured 4.25 inches at that time. After the 
surviving bird was about 10 days old I let it out to run in the grass 
occasionally. It had an annoying habit of running about for a few 
minnteB and then squatting and hiding. Even though I knew almost 
exactly where it was, so perfectly did it conceal itself even where 
the grass was comparatively short that I had great difficulty in 
finding it. Once it got off a little farther than usual, and it took 
me nearly an hour to find it, and even then I probably would not 
have found it if it had not uttered a couple of peeps which led me • 
nearly to it. When I once found it I had no difficulty in capturing 
it, as it was not afraid of me, but its natural instinct seemed to tell 
it to keep concealed. This accounts for the very few downy young 
that one sees in their native haunts- When not concealed this bird 
kept up an almost incessant peeping. It had a sharp hook on die 
poller which it used to aid it in getting through dense vegetation 
rapidly. This lived to the age of 80 days, but in that time it ap¬ 
peared to have increased scarcely at all in size, nor did it have a 
single feather other than down feathers. It had been fed finely 
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erected sheila for lime, and grift, in addition to its regular diet, but 
it probably lacked some essential article of food, though this hardly 
seems possible, as it had quite a variety. It was very fond of 
mangos and bananas. The direct cause of its death was a chilling. 
Natives claimed to have raised them by feeding them nothing but 
polished rice. 

I can say but little About the food of this species, as I obtained 
no atomachs for examination. In Gundlaeh’s time the Purple GaUi- 
nule waa very common, and did much damage by eating rice and 
breaking down the stalks. At present practically no rice is g ro wn 
on the Island. Field observations show that it eats tender blades 
of grass, especially of Hymcnachne amplexicaulis, and it is said by 
the country people that its food consists almost exclusively of this. 

The Mongoose is an enemy of this species when it nests near the 
ground, as it is of all ground-nesting birds, and probably it obtains 
many a tidbit of young gallinules. This species is now so shy that 
hunters do not materially lessen their ranks. They are perhaps the 
most beautiful of the Porto Bican game birds, and the pity is that 
they are not more abundant 

81. QALLIN ULA CEL0S0PU8 PORTOB1CNNSIB (Danforth). Porto Bican 

Gallimile. Gallareta. 

jffhe Porto Rican Gallinule is an abundant permanent resident 
at Cartagena Lagoon. It is preeminenty a bird of the grass, sedge 
and Pluckea associations, though it is very frequently observed in 
the open water and cat-tail associations. It reaches the pinnacle of 
its abundance in the grass association, and nests in all except the 
open-water association. 

The principal characters which distinguish this form, which I 
am describing in the October 1925 Auk, from its allies are: The 
tarsus averages slightly longer than the North American O. o. cochin- 
nans and shorter than O. c. cerceris of St. Lucia and Grenada. The 
frontal shield is conspicuously larger than in the North American 
bird. The coloration is much darker, and the brown on the bach is 
confined mostly to the middle back. 

The cackling of the Gallinules is the most characteristic sound 
of the marsh, and can often be heard from a considerable distance 
aa one approaches it They are not as aquatie as the Coot, and keep 
more to the regions of dense vegetation, though they swim readily 
and sometimes associate with the Coots in the open-water areas. 
Flocks of scores may be noted resting and feeding in the grassy 
legion at the east end of the lagoon. They can be dis tin g ui s h ed at 
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a great distance by means of tboir broad scarlet frosts! plates. 
When the lagoon was drying up in June large aggregations of 
Gallinules were noted on the mudflats near Las Cafcitas. On the 
slightest alarm they would make for the cat-tails, swimming if the 
water were deep enough to permit it, otherwise they would splatter 
over the shallow water and mudflats, beating their wings to hasten 
their progress. Once in their cat-tail retreat they would not emerge 
until the coast had been clear for some time, for they are suspicious 
tirds. 

The country people hunt Gallinules with dogs which drive the 
birds, ever reluctant to take flight, towards their masters, who then 
kill them with sticks. Many adults as well as immature birds not 
yet able to fly are caught in this manner. On May 9, 1924, I was 
presented with a live and apparently uninjured young bird captured 
in his manner. It was about half grown, but its wing quills were 
still just budding sprouts, so, of course, it was unable to fly. Its 
frontal shield was not yet red. Unfortunately it escaped before I 
had had it very long. 

The nesting season of the Porto Bican Gallinule is practically 
continuous throughout the year, except for periods when the lagoon 
is dry. Eggs and young in all stages can be observed in almost 
every month, but the main breeding season appears to be from 
February to May, and I have found many more nests in March than 
in any other one month. 

The nests vary greatly in their construction and location. Some 
are floating nests built of cat-tails leaves and anchored to cat-tail 
plants Others are built, of sedge stems and. placed on the ground 
among the sedges or built up from the bottom in shallow water. 
Some are built* of grass stems and roots and placed among the 
grasses, either on the ground or floating and anchored to a tuft of 
grass. Most of the nests are not much more than open platforms, 
but occasional nests are arched over and resemble a giant Meadow¬ 
lark's nest They are always built of the same kind of plant as 
that which forms the surroundings. Usually they are placed where 
the surrounding vegetation conceals the nest to some extent, but I 
have found some nests in very exposed positions, such as in patches 
of grass no taller than a new-mown lawn. One nest was even an¬ 
chored to a wire fence in the open water. But they are never placed 
more than two or three inches above the ground, while those of 
Ionomis martinicus are always placed higher than this. The eggs 
of G. e. portorieensis are huffy, spotted and speckled with rufous 
brown, but these spots are not as large as in the case of lomomit, 
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cad finer l**k the pale lavender markings.. They are also slightly 
larger, though the difference in size is not very apparent. Their 
measurements average about 1.8 X 1.2 inches. The number of eggs 
varies from three to eight, though nests with over six are very rare, 
and the usual number is four or five. As many dozens of nests were 
found during each season, I feel that I can speak quite positively 
about this. I have been unable to ascertain the incubation period, 
as eggers made way with the eggs before they hatched in every nest 
1 was trying to keep under observation. 

The black downy young with red bills are frequently observed, 
both before they have left their nests, and afterwards as they patter 
around over the floating Pistias or scramble around among the dense 
vegetation, usually with an anxious parent swimming around near 
nervously clucking. Apparently the youngsters cannot swimm well, 
for they are never observed in this act. On one occasion I observed 
an adult transport a downy young bird across a stretch of open 
water on its back, clucking loudly as it did so. 

The Porto Rican Gallinule is so beset with enem'es that it is a 
wonder that any survive. Eggers search the marshes so system¬ 
atically that only a small proportion escape their eagle eyes, and 
many of those that do escape them fall prey to the Mongoose. 
Huftters obtain hundreds of gallinules a year at the lagoon, and. 
birds of prey, notably the Duck Hawk and Red tailed Hawk, obtain 
their share. But the Gallinule is so adaptable that it persists in 
large, though constantly diminishing, numbers. 

Vegetable matter formed 100 per cent of the food in three adult 
stomachs examined. Of this, pondweed (Naias guadeloupensis) 
formed 95.3 per cent. Seeds of Prrsicaria portoriccnsis formed 2 per 
cent, and the other 2.7 per cent consisted of rubbish, which include 1 
several pieces of bark. Coarse sand was present in considerable 
quantities, forming 9.3 per cent of the stomach contents. 

Field observations show that these Gallinules also eat considerable 
ouantities of tender grass stems (Hymenachne amplexicaulis ). 

This species is thus harmless in its food habits. Tt is strictly a 
marsh bird, common in all the plant associations of the marsh 
proper, where it associates to some extent with the Qeot, though less 
strictly aquatic in its habits. The marsh is not essehtial to its’exist- 
tnce however, as is shown by the fact that the country people often 
raise them with their domestic fowl. But in the wild state they 
are never found far from the marshes, as here it finds the vegetation 
which provides the dense shelter so much to its liking, and here it 
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finds the trader green staff which forms its favorite article ftf diet 
It is one of the most valuable native game birds, and its abundance 
for future generations should be insured by absolutely preventing 
the taking of eggs, and by prohibiting hunting at least during its 
main breeding season, which extends from February to May, and 
8 much longer dosed season would be preferable. 

32. FUL1CA CASIBASA MAJOR (Danforth). Porto Biota Coot. 

OalUnato. 

The Porto Bican Coot is the most abundant permanent resident 
at Cartagena Lagoon. Approximatdy 3,000 birds are present at 
all times of the year when the water is deep enough to permit them 
to swim. It is for the most part a bird of the open-water associa¬ 
tion, though it feeds quite extensively in the sedge and grass associa¬ 
tions, and nests mostly in the cat-tail, sedge and grass associations. v 

While feeding the Coots usually congregate large rafts. These 
rafts are composed for the most part of the one Bpedes, but it ia not 
unusual for a few Porto Bican G-allinules and Allen’s Buddy Ducks 
to associate with them. While swimming the Coots jerk their heads 
back and forth and frequently emit little croaking sounds. Whan 
alarmed they patter over the water for a considerable distance before 
getting into the air, using both feet and wings and producing a 
peculiar swishing, splattering sound. Occasionally they take to the 
cat-tails for refuge, but ordinarily they fly to some distant part of 
the lagoon. Unless frightened again they do not return for hours. 
Hunters are well aware of this fact, and station boys at many points 
around the lagoon to scare up the birds wherever they attempt to 
alight, and force them to fly near the cat-tails where the hunter is 
concealed. 

At times many Coots may be observed resting on the grassy flats. 
They also feed to quite an extent upon the tender grass shoots, 
which in certain favored areas they keep plucked as fast as they 
appear, producing the effect of a closely mowed lawn. When the 
receding waters of the lagoon cause the coots to congregate move 
closely they become rather quarrelsome. When a bird approaches 
too closely to another in a flock it receives a (savage) jab and la 
driven away. Usually it does not retaliate. On one occasion (Sep¬ 
tember 9, 1924) I observed three Coots engaged in a free-for-all 
fight. The birds would swim towards each other, using their wings 
to gain greater impetus. They made savage jabs at each other 
heads until each was satisfied, when they swam off in different 
directions. 
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They are noisy birds, and at times tbs marsh resounds with their 
high cackling notes, which can be heard from a great distance. 
They are quite similar to some of the notes of the Porto Rican 
Oallintde, hat loader. Another note which is frequently heard is 
to the sound produced by pouring water out of a glass 
decanter. 

Until recently the breeding Coots of Porto Rico were supposed 
to be F. americana. Since publishing his “Birds of Porto Rico” 
in 1916 Dr. Wetmore began to suspect that it might be F. cariboo 
instead. All my specimens and all the birds observed closely in the 
Add proved to be a heretofore undescribed race of F. caribaea which 
differs from F. c. caribaea '(Ridgway) chiefly in its much larger size. 
I am describing as F. •c. major in the October 1925 Ault. 

As the lagoon is drying up many immature birds not yet able to 
fly are caught on the mudflats and in the cat-tails with the aid of 
dogs. The young keep their down for a long time, and are more 
than half grown before their wing quills are sufficiently grown to 
enable them to fly. In the oozy mudflats the birds could neither run 
nor fly, and there the country people picked them right up in 
their hands. 

These birds stand in shallow water to bathe. They dip their 
hfpjd in water, throw water over their backs and then shake them¬ 
selves. 

I have sometimes observed what I believe to be the courtship of 
this species. The male swims around the female with wings half 
raised and tail elevated so as to display the white under tail coverts 
to full advantage. All the feathers are fluffed out and it appears 
very large. Then it pursues the female for a distance, but I hove 
not observed actual mating to follow this performance. 

Nests and eggs of the Porto Rican Coot may be found at any 
time of the year except when the lagoon is dry. However, more 
birds nest in April, May, and October than in any other months. 

The nests are very similar to those of the Porto Rican Oallinule, 
but a larger proportion of them are floating affairs’, and a Slightly 
larger proportion of them are built among the sedges. Out of the 
three hundred odd nests found at Cartagena Lagoon about forty per 
cent were placed in the sedges. Most of these Were built <ff sedge 
steins, particularly those of Eleooharis. Stems and leaves of Per- 
aicaria portoricenm are also frequently used in nest construction. 
About forty per cent of the nests were placed in the grass association, 
bat most of these were anchored to the herbaceous shrub Seiban 
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constructed ot sedge* or eatdail leaves. A Knr ‘nwrts <twwe placed 
light in the geese,, in which case they were made of gns^ese About 
fifteen per cent were anchored among the oat-tails and mads of 
dead cat-tail leaves, five per cent or less were in the Pluckea 
association, bat only at times of very high water, 

The number of eggs in a set varies from one to eight. Five or six 
is the most common number, while sets of seven and eight are very 
rare. The eggs are immediately distinguishable from those of the 
Porto Rican Gallinule by their much larger else and the fine and 
uniform speckling. They are very pale huffy white, sometimes 
grayish-white, finely and uniformly speckled white blaok, occasionally 
with chocolate. They measure 1.96 X 1.3 inches. 

The downy young appear to be quite similar to those of F. amen 
cana. I have never had them in my hand, but in the field they appear 
to be black with a red bill. They are expert divers# When the mother 
gives the alarm note they dive so quickly that one is lucky to eatoh 
a glimpse of them After they have dived the mother swims anxiously 
about making little croaking notes. If one stands motionlSfc in the 
cat-tails or other dense vegetation he will often be rewarded by 
seeing a female Coot followed by one or more downy young swim¬ 
ming around among the stems of the plants. The young apparently 
accompany the parents until they are about half grown. After 
leaving the parental care the immature birds show a tendency to 
floqk together. 

The* Porto Rican Coot is so thickly beset with enemies that it seems 
marvellous that tfay are left. It is at present the best game bird on 
the Island that i» at all plentiful, and its flesh is the most palatable 
of any of the lagoon birds I have tasted. The Black-bellied Tree 
Duck is the only species the flesh of which is more sought after. 
Therefore most hunters would rather make a large bag of Coots 
than of almost any other species, and hundreds are obtained every 
jear at Cartagena Lagoon. Their eggs are large and of good flavor 
and easily found. Several thousand eggs a year are taken by eggeiw. 
They search the marshes so systematically that about 98 per cent 
of the nests I found were robbed within three days of the I 
found them. This made it impossible to carry on any intensive 
study of the nests. Aa an example of the large number of eggs 
which are taken I might mention a statement made by a hunter f rie nd 
Of mine that he and one other man collected ninety Coot o gg * at 
Cartagena Lagoon on December 16, 1923, which ia not during the 
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maia breeding season. In March I hare seen the regular eggers 
ooming out Of the marsh with a burlap grain sack half full of eggs, 
andtfeey do this repeatedly. The Mongoose is also Tory fond of 
Cost egga and young Coots. Many a nest shows evidence of having 
been ravaged by this destructive animal. In the winter of 1921-22 
and id the beginning at least of 1924-26, a Duck Hawk resided at the 
lagoon and fed principally upon Coots. The Bed-tailed Hawks from 
Tinaja Hill likewise show interest in the Coots, though I have never 
actually observed one catch one. Another hazard which the Coot 
encounters is that of the sudden increase in volume of the lagoon. 
Many Coots had nests early in September, 1924. Then on September 
27 a heavy rain increased the depth of the lagoon by over a foot and 
submerged many of their nests. 

' The contents of four stomachs, three taken in September and one 
in January, were examined. The food found was entirely vegetable 
matter, and 79.2 per cent of it was pondweed (Naiaa guadeloupensit). 
The other 20.8 per cent consisted of seeds of Persicaria portoricennt . 
Besides this food the stomachs contained a lot of fine sand, forming 85 
per eent of the total stomach contents. Field observations show that 
this species also eats many tender grass shoots (Hymenaohne 
amplexicaulis), and a bird taken at Qu&nica by Dr. Wetmore (1916, 
p. ffi) “had eaten a large quantity of grass or sedge, with a few 
small roots' ’. This species is not entirely herbivorous, as is indicated 
by the stomach contents of a bird collected by Wetmore on Culebra 
Island, which included a water scavenger beetle, some small crusta¬ 
ceans and some eggs believed to be of crustaceans. 

The Porto Biean Coot is thus shown to be either neutral or Slightly 
beneficial in its food habits, and it is of great value as a game bird. 
I think I may even say unhesitatingly that it is the most valuable 
game bird in Porto Bieo. One of the surest ways to diminish the 
numbers of any bird is to persistently rob its nests. Unless this 
pernicious practice is stopped the Porto Bican Coot will undoubtedly 
become a rare bird. Stringent measures should be taken to stop this 
practice if future generations are to continue to have the privilege 
of hunting Coots. The Coots should also he protected from March 
1st to December 1st. 

as. BIMANTOPVS MSXICAlfUt (Mffller). Blaek-aMkad Stilt. 

VMa. Zantm&o. 

The Blackmecked Stilt is a common summer resident at Cartagena 
ilatoon. It is never found there in the winter months, nor have X 
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found it at any other place on the Island during these mo n th s. Other 
ornithologists record it as a resident species, so it may be found in 
some of the more remote mangrove swamps at the time. At Carta¬ 
gena Lagoon the first birds were noted on April 8, 1928, though 
I had observed a few at Anegado Lagoon on March 4. In 1924 the 
first Stilts appeared on March 11, and none were seen after October 7. 

This is primarily a bird of the grass association. At the lagoon 
is drying up they feed farther and farther out towards the center 
of the lagoon in the open-water association. Birds are sometimes 
seen in any of the associations of the marsh proper except the cat¬ 
tail. Except while nesting they are usually found in small flocks. 
They are very noisy birds, particularly during the breeding season. 
Their sharp kek, kek is one of the characteristic sounds of the marsh 
in summer. They often wade in water up to their bellies, which, 
as their legs are so long, means that they can feed in pretty deep 
water. They fly with neck and feet extended. They are quite shy, 
and except when they are defending a nest or young it is difficult to 
approach very close to them. With a few sharp call notes they 
are off for a distant part of the marsh as soon as tffey regard 
themselves in danger. At times of low water they may often be 
observed lying and basking in the sun on the hard-caked mudflats 
which then occur. Their legs are so long that they have difficulty in 
keeping their balance in a strong wind. In order to keep it they 
spread their wings and quiver them, either directly facing the wind 
or with their hack directly towards it. A curious feature about this 
species is the upper mandible, which is quite flexible, es|iecially near 
the base. 

When the Stilts first appear in the spring they are in flocks of 
from 15 to 25. By March 25 they had begun to separate into pairs, 
each pair picking a certain portion of the marsh. But for some 
time the birds did not defend their portion of the marsh with 
great zeal, and a central flock remained. Gradually this flock became 
smaller and smaller until by April 18 it contained only eight birds. 
All the rest were in pairs, each in its own area of the marsh. When 
two pairs chanced to come together fighting ensued, for by that date 
the birds were very zealous in the defense of their territory. Court¬ 
ship was also taking place. The male (distinguished from the 
female by his jet black upperparts, while those of the female are 
dark brown) would spread his wings and walk around near the 
female in semicircles or sometimes in zigzag lines resembling the 
of march of a drunken man, but the female appeared to pay no 
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attention to him. By April 22 all the birds were paired. On 
April 30 there was another small influx of migrants, perhaps from 
nearby regions. The new arrivals consisted of a small floek of 
unpaired males and another of unpaired females. By this time the 
paired birds were more pugnacious than ever in defending their 
territories. One pair even chased off a Turkey Vulture which ven¬ 
tured too near. By May 2 all the new arrivals were paired and in 
possession of territories except a small flock of excess females. A 
male collected at this time had greatly enlarged testes. On May 9 
many pairs had nests under construction, but 1 found none with eggs 
then. On May 20 most of the birds had complete sets of eggs, but 
all of these nests that I discovered were robbed by eggers soon after 
the sets were completed. These first, nests were all in little hummocks 
of grass and Pcrsicaria surrounded by shallow water at the east end 
of the lagoon. The nests were made of grasses and concealed in the 
centers of the little hummocks. This is evidently the favorite nesting 
site of these birds, but later nests varied greatly from this type of 
nesting site, as will be shown later. The number of eggs in these 
first layings varied from five to seven. They were extremely variable 
in color and markings, even within the set. The commonest type 
were buffy-clay color thickly spotted with rufous-brown, especially 
at larger end, but with great variation in the size and color of 
the spots. Some eggs also had a few pale lavender spots. Some 
were olive green spotted with chocolate. The background of some 
was almost copper-colored. Some measurements taken were 1.72 
v 1.25 inches; 1.75 X 1-30 inches; 1.87 X 1.08 inches. This shows 
that they vary greatly in shape as well as color. The last one men¬ 
tioned was from a set in which all the eggs were long and pointed, 
this was the extreme one. The birds become much excited when 
their nests are approached and make aerial dashes at the intruder, 
almost hitting him in their downward swoops, and all the time 
keeping up a racket of sharp kek, kek notes. 

After the first nests were destroyed the Stilts immediately began 
to build again. This time they showed great ingenuity in concealing 
their nests. The colony then spread over the marsh and the number 
of ways devised and variety of places in which neSts were found 
was astounding. Space permits me, to mention only a few of them. 
One was built of sedges in a small pile of dead Sesban brush in 
the grass association. One was built on a little hill of fairly firm 
bare mud surrounded by soft oozy mud. The top of this little mud- 
hill was hollowed out and a few roots placed in it, on which the 
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eggs were laid. Several nests were built on a low mudflat island 
which was practically unapproachable on account of the deep morasses 
on each side of it. One of these was composed only of a little earth 
scraped together with the addition of a very few broken twigs. It 
was scarcely distinguishable from the rest of the island. Other 
nests were built of Sesban stems and hidden in the Peraicarias. One 
nest was even built right in the open water where it was six inches 
deep. It was constructed of Naias, and was built up from the 
bottom. All these nests were built in late May and June. None 
contained over five eggs. Most had four, while a few had only three. 
But despite the precautions of the birds practically every egg fell 
victim to the eggers, largely due to the extra dry Beason which 
permitted the eggers to obtain the eggs more easily. In 1922 quite 
a large number of young were raised, but in 1924 so far as I know 
only two pairs succeeded in even hatching any eggs, and I believe 
something happened to their young before they were very old, so it 
is very doubtful if a single bird was raised in 1924. 

By the latter part of June the adults had begun to j^pck again, 
and by the middle of September all the Stilts at the lagoon (IS 1 ? 
by actual count) had formed one compact flock. This count was 
made on September 17. By September 20 only about 50 were left; 
on September 23 there were 20; on September 27 and September 
30; sixteen; on October 7, five. After that none were seen. 

The three stomachs examined contained nothing but insect matter. 
A bird collected April 4, 1924, had eaten two Dytiscid larvae (6 per 
cent), and adult Dytiscids f94 per cent). The stomach of one 
collected May 2, 1924, contained Syrphid larvae (93 per cent); an 
adult Syrphid (1 per cent); a Dipterous pupa (1 per cent); and 
fragments of a Dytiscid beetle (1 per cent). One collected October 
7, 1924, had eaten exclusively the larvae and pupae of Anopheles 
mosquitoes. Sixty entire pupae, 5 entire larva* and the fragments 
of many others were found Two birds collected by Wetmore (1916, 
p 45) had eaten aquatic Hemiptera and small fish scales. 

The large number of Anopheles mosquito larvae and pup* eaten 
alone entitles this bird to protection, for Anopheles is the carrier of 
the much dreaded tropical malaria. The taking of eggs should be 
forbidden, and the Stilt should be placed on the protected list, as 
its flesh is of little value as food. It is strictly a bird of the marsh, 
but it is very adaptable and can live in any part of the marsh 
except the cat-tails and very deep open water. It obtains its food 
from the marsh and is well adapted to feed in quite deep water by 
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reason of its very long legs. It occurs in salt as well as fresh¬ 
water marshes, but in Porto Rico it appears to prefer the fresh. 

84. CAPBLLA 0ALLIN AGO DEL1CATA (Ord). Wilson’■ Snipe. Beoaotna. 

The Wilson’s Snipe is a winter visitant of somewhat irregular 
occurrence and abundance at Cartagena Lagoon. In the winter of 
1921-22 they arrived early and were very abundant. In 1923-24 
they did not arrive until December 27, and after that not over eight 
were seen on any one day, and usually not over four. In the fall of 
1924 one was noted on October 7, and no others before I left (on 
the Si2nd). The dates of spring departure were March 22, 1922, 
and April 15, 1924. In the winter of 1921-22 it was also seen 
abundantly at Anegado Lagoon. My only Porto Rican records for 
this species from other localities are a bird seen December 26, 1928, 
in a canefield at Afiasco and one February 13, 1924, in a small 
fresh-water swamp at Mayagiiez. 

At Cartagena Lagoon the Wilson’s Snipe shows a decided pref¬ 
erence for the sedge and grass associations, and is found in particular 
abundance among the Persiearias. It is occasionally found in the 
Pluckea association, and once I flushed one in the Varronias. 

A stomach from Rio piedras examined by Wetmore (1916, p. 45) 
ronWned aquatic Hemiptera and Coleoptera, Mole Cricket remains, 
gram and sedge seeds. Probably the diet of the Cartagena Lagoon 
birds would be somewhat similar. 

This is a game bird, but it is little known and is practically never 
obtained by local hunters. Its flight is so swift and tortuous, and 
it springs from the vegetation so suddenly that it startles any but 
the experienced hunter. This makes it a very difficult bird to shoot, 
and in Porto Rico, where it is not a common species, veiy few gain 
the needed experience, so I consider it fairly safe while there, and 
do not believe it needs any special protection. 

SR. UICBOPALAMA EIUANT0PV8 (Bonaparte). Stilt Sandpiper. FWOfl. 

The Stilt Sandpiper is a tolerably common migrant at Cartagena 
Lagoon, occurring only during August and September. In 1924 the 
first arrivals were noted August 20, and the species was present 
until September 27. On August 20 I observed at* least thirty-five 
(collecting some for positive identification), and on September 17 
there were at least fifty. Lesser numbers were seen on other days. 
They were feeding on the mudflats and shallow water areas of the 
open-water association. They associated freely with Semipalmated 
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Sandpipers and Lesser Yellowlegs. Such careful seruteaf a 
sary to dfatingninh them in the field from the latter special that 
doubtless many are overlooked. 

Seven stomachs (five collected on August 20 and two on September 
17) were available for examination. Animal matter composed 70.1 
per cent of the food, and vegetable matter 29.9 per cent. Bloodworms 
(Chironomid larvae) were the largest food item, forming 72.8 per 
cent of the animal food. From 150 to 600 bloodworms were found 
in all but two of the stomachs. Dytiscid larvae formed 15.5 per cent, 
small Planorbis snails 7.1 per cent, and mosquito larvae 0.8 per emit 
of the animal matter. The vegetable matter was composed of seeds. 
Seeds of Persicaria formed 80 per cent of the vegetable matter; seeds 
of Sesban emerus 7 per cent; seeds of Composite 10.2 per omit, and 
rubbish 2.8 pm cent. This is a useful species, obtaining what food 
it can on the mudflats. Like most of the sandpipers, it is too small 
to be considered a game bird, though often shot as such. 

36. PIBOBIA MACULATA (VieUlot). Pectoral Sandpiper. PuttUa. 

The Pectoral Sandpiper is a common fall migrant ftp, Cartagena 
Lagoon, and is even abundant at times. Occasional birds are seen 
in the winter. They are common from August through October. In 
1924 the first arrivals were noted on August 13. In 1922 a few were 
observed at Anegado Lagoon as late as April 1, and on April 27, 
1924, I shot four from a flock of twenty feeding on the salt water 
mudflats near Cape Rojo Lighthouse, but I have no spring records 
from Cartagena Lagoon. There it feeds in the grass association, 
occasionally venturing into the dry open fields near the lagoon. 
It is particularly abundant in September. On September 17, 1924, 
there were at least 1,000 at the lagoon. All the birds collected were 
extremely fat. 

The stomach contents of seven Pectoral Sandpipers collected at 
Cartagena Lagoon in August, September and October were examined. 
Animal matter comprised 67.6 per cent and vegetable matter 324 
per cent. Noctuid larvw constituted 51 per cent; noctuid adults 
10 per cent; Sesban weevils ( Tyloderma sp.), 16.1 per cent, 
Sphingid caterpillar 8.5 per cent; and Naucoridae ( Pelocoris femo- 
ratus), 2.9 per cent of the animal matter. Of the vegetable matter, 
42.9 per cent was grass; 36 per cent was seeds of Eymenachna 
amplexicauUs; 5.6 per cent was seeds of Composite; 1.4 per cent 
Noiat guadeloupensis; 1.4 per cent charcoal, and the remainder was 
rubbish. 
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The Pectoral Sandpiper lives exclusively in grassy land, and 
feeds largely on the Noetuid moths and their larvae which abound 
in such places. Their food habits are entirely beneficial. They 
seldom associate with other species. 

37. PIBOB1A FU8CIC0LLIB (Vieillot). White-romped Sandpiper. Putitta. 

The White-rnmped Sandpiper is a rather uncommon fall migrant 
at Cartagena Lagoon. In 1924 it was noted from August 26 to 
October 20, and at times as many as thirty were noted in a day. 
The only previous record for the main Island of Porto Rico is a 
female collected by Bowdish (1902, p. 360) at the west end of the 
Island October 2,1900. Wetmore (1916, p. 44) saw two on Culebrita 
Island April 15, 1912. At Cartaggna Lagoon the White-rumped 
Sandpipers did not fioek together, but scattered among large flocks 
of Semipalmated Sandpipers, Yellowlegs, and other Sandpipers. In 
flight their form bore a strong resemblance to that of the Spotted 
Sandpiper. Their call notes were very distinctive, and I could 
recognize them by sound at a greater distance than by sight The 
call note is a sharp, metallic prink , prink. They feed mostly in the 
open-water association, where the water is very shallow. Occasionally 
they are flushed in the grass association. 

jFour White-rumped Sandpipers collected August 26 and Sep¬ 
tember 17 had eaten 77.7 per cent of animal food and 22.3 per cent 
of vegetable matter. Fifty per cent of the animal matter consisted 
of Bloodworms; 25 per cent of Planorbis snails, and 5 per cent of 
Corixa reticulata. The vegetable matter consisted entirely of seeds, 
of which those of Composite formed 33.3 per cent; Seaban emerus, 
30 per cent; and Persicaria portoricensis, 36.7 per cent. In addition 
to food the Rtomachs contained mineral matter (coarse red sand) 
forming 32.5 per cent of the stomach contents. This is a species of 
the mudflats and shallow-water areas and eats only such food as 
may be obtained there. 

38. P180B1A MIBUTILLA (Vieillot). Least Sandpiper. PutfOa. Putilla 

cMqvita. 

The Least Sandpiper is found at Cartagena Lagoon during the 
greater part of the time when the water is low .enough to give it 
suitable feeding ground. Tt is a* migrant from North America, but 
it is not long after the last spring migrants disappear before the 
first fall ones appear. In 1924 they were seen up to May 30, and 
appeared again July 5. It is very rare at the lagoon during the 



*f IN 
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April. At the lagoon they are almost exrituavely $ 
mudflats, alighting in flu grass and sedge wmeUtbm vHf fNn 
driven away from the mudflats They usually occur in smS N®a 
composed exclusively of their own aperies, although occasionally 
mingling to some extent with Semipalmated Sandpipewt. 

Ten stomaohs collected in March, April, May, Augusf and October 
were examined. These birds had eaten 80.9 per cent of animal matter 
and 19.1 per cent of vegetable matter The animal matter oenristed 
entirely of insects and their larvae All of them were either aquatic 
forms or terrestrial forms occurring commonly on the mudflats. The 
items which were not too much comminuted to be recognizable were: 
Dytiscid larva*, 22 per cent of the animal matter; Carabid beetles 
(Stenout sp., a species inhabiting the mudflats), 20 per coat; very 
small aquatic Dipteroud larva, 25 per cent; aquatic Syrphid larva.*, 
119 per cent, Carabid, probably Stenoua, larva*. 1.5 pei^%ent The 
vegetable matter consisted entirely of seeds Those of Sesban emerus 
composed 50 per cent, those of an unidentified legume, 25 per eent, 
and of Pemcaria pvrtoricemis, 25 per cent of the total In addition 
to the fopd considerable gravel was found in the stomachs, forming 
26 8 per eent of the total stomach contents. 


Q9 EBEUNETEB PUBILLUS (Ubbmos). Semipalmated Sandpiper 

PvtfUa. 

The Semipalmated Sand piper is by far the most abundant shore 
bird at Cartagena Lagoon, though it occurs only as a fall migrant 
I have records from August 13 to October 20, 1924 During the 
latter part of August they are present in almost unbelievable numbers. 
I hardly dare estimate their numbers, but on August 26, when they 
were at the height of their abundance, I am sure that 100,000 would 
have been a low estimate of their numbers. They simply swarmed 
over the mudflats. On this date, although I was trying to avoid 
shooting them, I got sixteen while shooting other birds. They were 
so abundant that stray shots could not help killing numbers of then* 
On other days many were also unintentionally shot in the yaow 
manner In fact, all bat four of the 36 that I collected wore Shot 
In this way. This species prefer* the mudflats, but when they were ad 
excessively abundant some were forced to feed in the sedge «hd 



FIG 30—Nest and Eggs of Porto Rican Coot Cattail Association 
September 20, 1924 



FIGh 31—Nest and Eggs of Porto Rican Coot. Anchored to Sesban Bush, 





















FIG 32—Nest and Eggs of Black necked Stilt Sedge Association June 7, 1924 



FIG. 33.—rNest (eggs roW*4) of Black necked Stilt. Open Water Association. 

ftne It, 1924 
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<g&ttA associations, and yihea. the fall rains came a little later prac¬ 
tically Ml of them were forced to the sedges and grasses and even to 
the eaneflelds. But within a few days after this most of them left 
for parts unknown. I have occasionally observed this species in 
wet cane fields in other parts of the Island (Hormigaeros and 
Boqtterdn) but its chosen habitat is the mudflats. Tellowlegs, Least, 
Stilt, and White-rumped Sandpipers frequently associate with them 
while feeding, but they were so much more abundant than any of 
the other species that they always formed the bulk of the flock. 
The ^nudfl&ts are alive with bloodworms, and these form the principal 
food of the hordes of sandpipers that frequent them in Angust before 
the waters cover them too deeply. After that but few are eaten. 

An examination of the contents of 36 stomachs taken in Angust 
and September shows that these birds had eaten 63.5 per cent of 
animal matter and 36.5 per emit of vegetable matter. Bloodworms 
formed 63.4 per cent of the animal matter, and over 90 per cent in 
the August stomachs. The remainder was composed of mudflat- 
inhabiting Carabid beetles ( Stenous sp), 4.7 per cent; Hydrophilid 
larvae 3.2 per cent; Dytiscid larvae 1.9 per cent; Coptocycla ap. 1.8 
per cent; aquatic Syrphid larvae 0.45 per cent; Sesban weevils (Tylo- 
d#rma sp), 0.27 per cent; Dytiscid adults, 0.23 per cent, and a little 
unidentifiable debris The vegetable matter consisted of seeds, of 
whie|t the following were recognizable: Composite, (probably blown 
to lagoon from a distance), 54.6 per cent; Sesban emeras 10.5 per 
cent, Perstcaria portonoensis, 3.8 per cent; Hymenachne amplexi- 
cauhs, 2.2 per cent; Crotalaria retusa, 0.3 per cent. In addition to 
the food these stomachs contained mineral matter (coarse sand) to 
the extent of 35.6 per cent of the stomach contents 

The Semipalmated Sand piper is so small and so tame that it can 
scarcely be regarded as a game bird, and its insectivorous habits 
should give it a place on the protected list. When it occurs in cane- 
fields it doubtless eats many injurious insects. 

40 SBBUNSTS8 UAVJtl (Otfwmie). Western Sandpiper PuhOa. 

A female Western Sandpiper which I collected at Cartagena 
Lagoon on August 26, 1924, constitutes the first Porto Rican record 
for the species, and I have duly recorded it in the October, 1925, 
Auk. * It was in a flock of Semipalmated Sandpipers feeding in shallow 
water. It was in almost full summer plumage. Its stomach con* 
tsined 160 Bloodworms (90 per cent) and a Hydrophilid larva 
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(10 per cent). It bad eaten some coarse sand, which formed 47 
per cent of the stomach contents. 

41. TOT AN US MELANOLBUCUS (Gmelin). Greater YeUowlege. Ptayoftte. 

The Greater Yellowlegs is a migrant from North America, but a 
few individuals apparently spend the summer at Cartagena Lagoon, 
as they were observed on every trip to the lagoon from May to 
September, and, in fact, on. practically every visit throughout the 
year. It is not very abundant, and I have never observed over 20 in 
one day. It occurs in small flocks, mostly in the shallow parts of the 
open-water association, sometimes in the sedge and grass associations, 
with other sandpipers, especially the Stilt and Semipalmated Sand¬ 
pipers and Lesser Yellowlegs, from which its larger size and charac¬ 
teristic notes distinguish it, especially when the two species occur 
near together. 

Three birds, one collected in April and two in June, had eaten 
exclusively animal matter. The recognizable fragments were: Dragon¬ 
fly naiads, 65.33 per cent; aquatic Hemiptera (Belostoma sp), 22 per 
cent; fish scales (Poecilia vivtpara), 6.0 per cent; Dytisett larvae, 0.66 
per cent. The food of these specimens was thus mostly such as would 
he obtained in the shallow open water, with the exception of a fleabeetle 
(Haltica jcmaicensis), forming 1.3 per cent. This species is found 
abundantly in the sedge association. The Greater Yellowlegs is of 
neutral economic importance, as the fish are too small to be utilized 
as food. It is a game bird, and should receive protection from 
March to October. It is the only one of the sandpipers which is 
large enough to be of much value as a game bird. 

42. TOTAXVB FLAVIPE8 (Gmelin). Lesser Yellowlegs Playante. 

The Lesser Yellowlegs is a common visitant from the north. As 
in the ease of the Greater Yellow legs, some stay right through the 
summer, and there is never a day in the spring, summer and foil 
that it is not possible to observe some at Cartagena Lagoon. They 
become rather scarce at times of very high water in the winter, but 
they may then be observed abundantly at the saltponds on the nearby 
coast. At the lagoon they occur in flocks of from 2 to 100. They 
reach their greatest abundance early in October. On October 7 and 
11, 1924, I observed over 1,000, and on other days shortly before- 
and after these dates, from 500 to 800. Usually there are not over , 
100 present at once. They feed in the shallow open water, on the 
mudflats, and among the flooded grasses and sedges. They often 
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with other sandpipers, especially the Greater Yellowlegs, 
Stilt, and Semipalmated Sandpipers. They are surprisingly tame 
while in Porto Rico, and it is slaughter, not sport, to shoot them. 
Sometimes the flocks are so densely packed that hunters kill as many 
as SO at a single shot. 

The stomach contents of nine Lesser Yellowlegs collected at Car¬ 
tagena Lagoon in February, March, April, August, September and 
October were examined. Animal matter formed 99.22 per cent, and 
vegetable matter 0.78 per cent. Dytiscid larvae formed 26.6 per 
cent of the animal matter, and Hydrophilid larvae, 1.8 per cent; 
Bloodworms, 5.1 per cent; Planorbis snails, 5 per cent; Fleabeetles, 
1.1 per cent; Hydrophilid adults, 3.1 per cent; Dytiscid adult, 0.7 
per cent; grasshoppers, 0.22 per cent; Bupestrid beetle, 0.55 per 
cent; Lyeosid spider, 0.55 per cent; Notonectidae, 1 per cent; flsh 
scales, 0.33 per cent; Carabid beetle (Stenous sp), 0.55 per cent, 
and other beetles 3.2 per cent. Many insects were too finely com¬ 
minuted for identification. The vegetable matter was rubbish, and 
was probably taken in accidentally with the insects. Only one 
stomach contained any mineral matter. It consisted of a little red 
sand and formed only 1 per cent of the contents of that stomach. 
However, the stomachs of five birds collected at the saltponds at 
Boquer6n on February 22, 1924, were entirely empty except for a 
pieces of shell and a little sand, though they were collected in 
the afternoon. Incidentally, these birds, collected at a single shot, 
were all males. It is possible that birds of a sex flock together in 
the winter. 

This is a neutral species as far as the agriculturist is concerned, 
as its food is obtained entirely in the marsh, but as it is classed as a 
game bird, and has some value as such, small as it is, it should 
receive at least as much protection as the Greater Yellowlegs. 

43. HELODBOMAS BOL1TABIUS SOLITABIUB (Wilson). Solitary 
Sandpiper. PutiUa. 

The Solitary Sandpiper is an uncommon migrant at Cartagena 
Lagoon. I saw it on numerous occasions between August 30 and 
October 7, 1924, but never more than one at a time. It was seen, on 
the mudflats, in the grass association, and in the damp canefields 
near the lagoon. I have also observed it in damp, newly plowed 
fields at Filial Amor, Cabo Rojo, and Boquerdn in September and 
October. On September 20, 1924, ten were noted in a single field 
at Filial Amor. My only spring record for the Island is a single 
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bird observed at Anegado Lagoon, March 4, 1922. They are not 
ally birds. When flushed they fly rapidly and utter their tweet, tweet 
call note. 

The stomach of a female collected at Cartagena Lagoon Sep¬ 
tember 9, 1924, contained nothing but one Hydrophilid beetle. It 
is probable that when feeding in caneflelds, as they frequently do, 
they eat many injurious insects. Two stomachs examined by Wet- 
more 1916, p. 42) contained only insects. The indications are that 
this is a useful species deserving protection. It is too small to be 
considered a game bird. 

44. CATOPTBOPHOBV8 8EMIPALMA TUB subsp. Willet. Playante. 

The Willet is an accidental visitant to Cartagena Lagoon. One 
was observed September 23, 1924, in the grassy area at the east end 
of the lagoon. On being alarmed it flew far away from the marsh 
towards the coast, where I have observed between 25 and 30 on two 
occasions in the mangrove swamps near Boquer6n (February 22 and 
March 8, 1924). I also observed two on the tidal flats near Cape 
Rojo Lighthouse on April 27, 1924. Gundlach (1878, p. NO) found 
them at Boquer6n and said he believed they nested on the Island. 
1 collected two females at Uoqueron on February 22, 1924. Their 
measurements do not check with those given by Ridgway for either 
(\ s. semipalmatus or C. s. inornatus. The wing, bill and tarsus are 
as short or shorter than the extremes given for C. s. semipalmatus, 
while the tail is well within the limits given for C. 8. inornatus. The 
measurements are given in the following table: 



C. a. longic&ndts 

C a semipalmatus 

C 

s. inornatus 


2 females, 

Female i 

1 Female ** 

Female 

Female * 



Boquerdn, P R. 

extremes 
Bldgway j 

! Bahamas 
May 

extremes, 

Ridgway 

N. Y , 
August 

N Mex 

Wing 

172-191 

176 191 1 

169 

209 5-220 

212 

216 

Tail .. 

81 81 

66 6-74 

74 

74-88 

82 

86 

Exposed culmen. 

49 64 

68 6 56 , 

66.6 

63 0-66.0 

61.6 

86 

Tarsus . 

47-66 

51.6-68 

64 

66 6-70 

69 

•8 


* Female in winter plumuge, collected at Ithaca, X Y, on Vugnst 8, 1921 
+ * Female in summer plumage, collected May 5, 1902, on Andros Island, Bahamas 
doll, L A Fuertes, No. 862. 


It is possible that the Porto Rican birds represent a resident 
subspecies differing from mainland birds. If such proves to be the 
case I suggest the subspecific name longicaudis for the Porto Rican 
bird, with a female collected at Boquerdn, February 22,1924 (Cornell 
University Collection No. 2326), as the type. 
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The stomach contents of the two birds collected at Boqueron were 
examined. One contained nothing but a crab (Hippa sp), and the 
other only a fiddler crab (Uca pugnax rapax). 

46. ACTIT18 MACULABIA (Linnaeus). Spotted Sandpiper. Puttlla. 

The Spotted Sandpiper is a tolerably common winter visitant to 
Cartagena Lagoon. In 1924 the last spring birds were noted May 
23, and the first fall arrivals August 13. This is a bird frequenting 
firmer ground than the other sandpipers. It is seldom observed 
feeding in the shallow water or on the mudflats, but prefers the firmer 
south shore at the edge of the Varronia association, and is also found 
at toe edge of toe open-fields association, and frequently right in 
the canefields. The other sandpipers seldom alight on elevated 
perches, but this one often perches on fence posts, keeping up its 
characteristic teetering all the while. It is also frequently found 
on the sea beach and along the smaller inland streams. It is the 
most universally distributed sandpiper on the Island. 

Two birds collected February 15 and September 9 at Cartagena 
Lagoon had eaten entirely animal matter. Carabid beetles ( Stenous 
sp) formed 58.5 per cent; engraver beetles ( Xylcborus sp), 20 per 
c&tt; down feathers (probably its own), 7.5 per cent, and miscel- 
laiHous insects, mostly Coleoptera, 15 per cent. Wetmore (1916, p. 
41) found mole crickets forming 10.78 per cent of the food in 9 
stomachs, and undoubtedly those individuals that feed in canefields 
consume many of them. Many crustaceans were also found in these 
stomachs. 

The Spotted Sandpiper feeds in the fields more than any of the 
other sandpipers, and it is present during the greater part of toe 
year, so its beneficial possibilities are great and should win protection 
for it. 

46. CEARADBIU8 D0MIN1CU8 DOMNICUS (Mflller). Bolden Plover. 

Playero, 

ft 

The Golden Plover is probably a rare migrant at Cartagena 
Lagoon. I have no positive records for it, but on February 15,1924, 
a flock of five Plovers flew over the lagoon which* I believed* to be 
of this species. Struthers (1923 $. 473) collected one from a flock 
of six at Anegado Lagoon on November 4,1921, and Wetmore (1916, 
p. 40) saw one near the mouth of the Rio Mameyes on February 16, 
*4912. These are toe only recent records for the Island. 
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' 47. OXYBCBUB V0C1FBBUB BUBIDU8 (Bfley). Wart Indian XSUser. 

2 * 080 . 

The West Indian KiUdeer, which is similar to 0. v. vocifenu, bat 
smaller gnd darker colored, is a permanent resident at Cartagena 
Lagoon. It is common daring most of the year, but decidedly on* 
common daring the high-water period from November to February. 
In fact I have never seen them at the lagoon in December, and only 
once in January. During these months they are feeding in the drier 
parts of the Island, and wander a good deal. They may then be found 
farther inland than usual. In December 1923 they were quite common 
on the then dry bottom of Anegado Lagoon. 

While at the lagoon the West Indian Killdeer prefers the grass 
association, but is not uncommonly found in the sedge association 
and on the mudflats, and is common in the nearby canefields, and is 
particularly fond of newly plowed fields. It is an extremely noisy 
bird, particularly in the breeding season. Many a time when I have 
been stalking some rare or shy bird have I felt a keen desire to wring 
the necks of the loud-mouthed killdeers that stalked just aimad of me 
screeming as loudly as they could and scaring away every bird in 
the region. They have a habit of running very rapidly for a short 
distance, then stopping abruptly and looking around, and then speed¬ 
ing on for a few more feet. They are apparently seminoctumal, as 
their cries may be heard for an hour or two after sunset and for 
about an hour before sunrise. 

On one occasion (June 18, 1924) I had a rather unusual experience 
with a West Indian Killdeer. While I was walking through a rather 
thick growth of sedges one ran out from almost underfoot and 
squatted, or it might be said “froze” on the ground a few feet away. 

I slowly approached it until I actually touched it with my gun barrel, 
but yet it did not fly. Then T moved my hand slowly towards it, 
grabbed it, and picked it up to examine it. Its tail feathers were 
worn, a possible indication of incubation, but a careful search revealed 
no nest or young nearby. On being released the bird flew away in 
perfectly normal fashion. 

The West Indian Killdeer breeds in the fields near Cartagena 
Lagoon, but I have not been fortunate enough to discover any nests. 
It apparently nests in the grassy regions, particularly in the open- 
fields association. Country people living nearby report having found 
nests on the ground with three to five eggs, usually four. The nest¬ 
ing season apparently extends from February to June. A female 
collected February 6, 1924, contained well-developed ovules. On 
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Kay 27,1924, one practised deception to & remarkable degree, evidently 
in trying to lead me away from its nest. Three times it flew a short 
distance ahead of me and then settled down on the ground and went 
through the motions of a hen settling down on her nest and turning 
the eggs under her. 

The stomach contents of four birds collected at Cartagena Lagoon 
in February, March, and September were examined. Animal matter 
formed 98 per cent of the contents, and vegetable matter 2 per cent. 
In addition, mineral matter (sand and gravel) to the extent of 7.73 
per cent of the stomach contents was found. Of the animal matter, 
Hydrophilid larvae formed 23 per cent; Dytiseid larvte, 6.77 per 
cent; Maybeetle (Phyllophaga vandinei), 20.5 per cent; Carabid 
beetles (Stenous sp-), 18.8 per cent; Noctuid caterpillars (35, forming 
97 per cent of the contents of 1 stomach), 24.27 per cent; Sesban 
weevils (Tyloderma sp.), 1.75 per cent; and miscellaneous insect 
matter, 4.91 per cent. The vegetable matter consisted of two seeds 
(one of them a Composite) and a little rubbish. 

The West Indian Killdeer is an exceptionally useful bird, as it 
regularly inhabits canefields, especially when newly plowed, and 
its food habits are almost entirely beneflcal. Wetmore (1916, p. 39) 
found that mole crickets formed 14.42 per cent of the food in 20 
stoityiehg, and beetles, many of them noxious, formed over 30 per 
cent. At the lagoon this species inhabits the drier, firmer parts, 
especially the grass association. Although small, it is often con¬ 
sidered a game bird, but should receive full protection on account 
of its great value to the agriculturist. 

48. PAGOLLA WILSON1A WILSON I A (Ord.) Wileon’s Plover. 

PvtiUa. Playero. 

Wilson’s Plover is only a straggler to Cartagena Lagoon, though 
it is found on tidal mudflats at all times of the year and almost 
undoubtedly breeds on the Island. The only record I have for this 
specieB at the lagoon is that of a female with very small ovary which 
I collected on June 3, 1924. It was feeding on mudflats which were 
then covered with very shallow water. Its stomach contained 93 per 
cent of animal matter and 7 per cent of vegetable matter, in addition 
to some white sand, which formed three per cent of tfie total contents. 
All the identifiable animal matter consisted of Dytiseid adults (5 per 
eent) and six Dytiseid lame (92 per cent). The vegetable matter 
was rubbish. 

Near Cape Rojo Lighthouse 1 observed 64 of these birds on April 
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on the sandy teach. Two malm, with much eniiWgsd t«fes indiiwtmf 
breeding, were collected on that data Tb&r spomaeha oontaked 
90 per cent animal matter and 10 per cent vegetable matter. Frag¬ 
ments of a small Osh formed 47.5 per omit, a small hermit oral) 50 
per cent, and fragments of a beetle 2.5 per cent of the animal matter. 
The vegetable matter was entirely composed of pieces of a One grass* 
like alga. 

This species is of little economic importance, as is quite un¬ 
common and is a maritime species, only occasionally straggling to 
regions away from the coast. 

49. ZBNA1DA ZEN AID A LUCIDA (Noble). Porto Bless Zenaidi D on. 

XSrtola. 

The Zenaida Dove is common in the vicinity of Cartagena Lagoon, 
and frequently comeB to the marsh, though not very often in the 
winter months Although most of these birds breed elsewhere, a 
few nest m the marsh, and others go there for food and prater. The 
few that visit the immediate vicinity of the lagoon in winter are 
found almost exclusively in the Varronia association, where they 
appear to be feeding. 

The Zenaida Dbve is very wary and difficult to approach It 
flushes with a loud clapping of the wingB and flies a long distance 
before alighting. It quite closely resembles the Mourning Dove while 
walking on the ground, and its notes are even more similar It feeds 
upon the ground, but upon being flushed alights in trees, and at 
other times it can often be found resting in trees It is a bird of the 
cultivated lowlands, mangrove swamps, and the lower foothills, never 
being found in the higher hills It feeds singly or in small flocks. 
On one occasion (February 25,1922) near Mayagiiez I flushed a flock 
of twenty, but that is very unusual. 

At Cartagena Lagoon these birds feed chiefly in the Vammias 
in winter, but in the summer many feed in the grass and sedge 
associations left dry by the receding waters of the lagoon. The usual 
nesting place of the Zenaida Dove is in trees. I found such a nest 
on Tinaja Hill, near the lagoon, on May 6, 1924. It was a loosely 
constructed platform built on horizontal branch of a scrubby tree 
at about five feet from the ground, on a wild precipitous slope. At 
the lagoon a few'of these doves .forsake their usual nesting sites and 
nest in the cat-tails. I found two such nests in 1924. The first was 
a crude platform of twigs on some bent cat-tail leaves in a dense 




FIG 35—Nest and Eggs of Black-necked Stilt Mudfl&t Island, Open 
Water Association June 14, 1924 





















TIG. 36.—Nest and EggB of Black-necked Stilt. Mudflats. June 14, 1924 
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m X*» Casitas. It was three feet above the water, which 
was two feat deep at that place. On May 18 it contained two white 
eggs, bat the neat was so frail it fell to pieees before the eggs had 
to hatch. The second nest was built of dry cat-tail leaves and 
placed in the oat-tails at a height of four feet from the water, which 
was two inches deep at that time. When I found it on May 27 it 
contained two egg Shells from which the young had hatched but the 
young birds were nowhere to be seen. 

This species is probably preyed upon to some extent by the 
Mongoose, although its nesting habits make it more immune to 
attadk than the Ground Dove. The Zemaida Dove is one of the most 
sought-for game birds on the Island, and justly so, as its meat is of 
good flavor and it is so wary that one has to be an expert marksman 
to obtain many. But it has a disadvantage in that it frequently 
flies long distance after being shot before it falls, making the recovery 
of the birds shot very difficult. Often but a small per centage of 
the birds killed are recovered, especially when one is hunting in 
rough country. The few that I have shot were lost in this manner, 
so I ogn say nothing at first hand about the stomach contents of this 
species. Field observations, however, indicate that Persicaria seeds 
are freely eaten. Wetmore (1916, p. 52) found that this species is 
almost entirely vegetarian in its diet. He found that a great variety 
of fehits and seeds were eaten, among which were Moral ( Cordia sp.), 
several species of grass, and Polygonum,. 

This is a species which visits the lagoon for food, water and 
shelter, yet it is not preeminently a bird of the lagoon. It is an 
adaptable species, and apparently some individuals, becoming crowded 
out of their more natural habitat, and finding a plentiful supply of 
food and nesting sites of a fashion at the lagoon, decide to stay there 
to breed. It is an admirable game bird, and should be protected 
at least from February 15 to October 15 to give the birds a chance 
to rear their young in safety. 

50. CEABMBPBL1A PA88BBINA TBOCHILA (Bonaparte). Porto Rican 
Ground Dove. Rohta , Sola. 

The Porto Rican Ground Dove is an abundant species in the 
immediate vicinity of Cartagena Lagoon, and frequently enters the 
marsh proper, particularly at periods of low water, to feed. It never 
nests in the marsh. When the water is low, it feeds in all the marsh 
association except the open-water and cat-tail associations, and at 
tigne* of high water it forages in all parts of the marab vhere wading 
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or swimming is not necessary. This little dove is generally abundant 
throughout the lowland open country in Porto Rico, and is also very 
common in the lower foothills, particularly those that are covered 
with brush. It occurs very commonly in canefields, even after the 
cane is full grown. It feeds exclusively upon the ground, but some¬ 
times alights in trees. At many times of the year, but especially in 
December, a chorus of mournful coos may be heard from the males, 
which perch in trees to utter these notes. When feeding on the 
ground they often try to flee from an intruder by walking rapidly 
away, but if approached too closely they suddenly take flight. When 
in flight the red under surfaces of the wings are conspicuously 
exhibited. 

These little doves are found in small flocks during the greater 
part of the year, but during the period from March to June, which 
covers the greater part of the breeding season, they an* usually 
observed singly or in pairs. The usual nesting site in Porto Rico is in 
trees or shrubs. This has been believed by Wetmore (1916, p. 50) 
and Bowdish (1902, p. 361) to be in order to escape the Mongoose, 
but I doubt if this is the reason, as flundlach, writini^fn 1878 (p. 
349), before the Mongoose was introduced, says that they nest in 
coffee, lime and plantain trees, among shoots of trees, among parasitic* 
plants, and above the doorways of country houses, and does not even 
mention finding any nests on the ground. Nevertheless this species 
does at least occasionally nest on tin* ground, and I am inclined to 
believe that they do so quite commonly in the vicinity of Cartagena 
Lagoon, though I have actually found only one such nest. This was 
on Tinaja Hill, aliout two-thirds of the way to the summit. The 
nest was built of fine grasses and placed upon the ground under the 
shelter of a small rock. It was found by flushing the female. On 
May 28, 1922, it contained two fresh white eggs. 

The Mongoose* is an important enemy of this species as it feeds 
and sometimes nests upon the ground. Men sometimes hunt them, 
as their flesh is said to be excellent, but they are small and usually 
larger game is sought. 

Three birds collected at Cartagena Lagoon in May and September 
were entirely vegetarian in their diet; in fact their fond consisted 
entirely of seeds. Among these were those of Persicaria portori- 
cettsis (33 per cent); Cyperaceae, 26 per cent; TTymennchne amplrxi- 
caudvi, 2 per cent, and of 8e$bm emerus , 7 per cent. The stomach 
contents of two birds collected near the then dry Gu&nica Lagoon 
on October 3, 1924, were also examined. In these the only identi- 
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liable seeds were Crotalaria sp. (1.5 per cent), Pcmcurn gp. (15 per 
cent) and Polygonum gp. (10 per cent). These birds also eat consid¬ 
erable gravel, but this formed only 4 per cent of the contents of the 
five stomachs examined. 

To sum up, the Porto Bican Ground Dove is an abundant species, 
found everywhere in the open lowlands of Porto Rico. It frequents 
the drier parts of the marsh to gain its share of the abundance of 
food which is found there, but it chooses other places to nest. It 
is sometimes considered a game bird, but it is so small and so useful 
that it should be placed upon the protected list. 

51. CATHARTE8 A UR A AURA (Linnaeus). Southern Turkey Vulture. 

Aura. Aura tiftona. 

The Southern Turkey Vulture is said to have been introduced in 
Porto Rico from Cuba by the Spanish government. Jt is restricted 
m its distribution there to the southwestern corner of the Island, 
having been observed from Ponce to Anasco, but it is commonly 
observed only in the region from Boqueron to Yaueo, which includes 
Cartagena Lagoon. Seventeen is the most that 1 have been able to 
count circling around any one dead animal, and as their range is 
so restricted this probably represents the greater part of the indi¬ 
viduals on the Island. Their number are said (Wetmore, 1916, p. 
30) not to have increased or decreased materially not to have in¬ 
creased their range in many years. None nest in the immediate 
vicinity of the lagoon, but they often visit the inarHh to pick the 
bones of dead animals, prtieularly of Coots, ducks, gallinules, etc., 
that have been shot but not recovered by the hunters. They are 
not particularly shy, and may often be approached quite closely 
while feeding or resting upon the ground. 

The Turkey Vulture apparently has no enemies but the Mongoose. 
The country people realize that they are useful, and that their flesh 
is not edible, so they are seldom molested. 

52. CIBCU8 BUD80N1US (Linnaeus). Marsh Hawk. QavUdn. 

The Marsh Hawk is a rare winter visitor to Cartagena Lagoon. 
An immature bird was observed there on frequent occasions between 
November 30 and December 27, 1923. This constitutes the first 
record for the Island, which I am publishing in the October, 1925, 
Auk. It was hawking over the grassy regions in typical Marsh 
Itawk style. On December 22 two were noted. 
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58. BVTEO BOREALIS mtwp. Bed-tailed Hawk. Qwragwo. Lectou*. 

The Bed-tailed Hawk, though not properly speaking a resident 
of Cartagena Lagoon, is often seen flying over it, and sometimes 
visits it in quest of food. One pair breeds on Tinaja Hi ll, and 
sometimes descends to the marsh to obtain some of the abundant 
animal life which is to be found there. 

This is not a rare species in most parts of the Island, and is seen 
most frequently in the foothill region. I have observed it in the 
hills between Arecibo and Utuado, at Mayaguez, Gu&nica and La 
Plata. I have never observed more than two together. Its wild 
scream is a signal for the country people to call their chickens 
home, for it is said to eat many chickens. I have no doubt that 
some are taken, as the custom of allowing all poultry to run loose 
exposes them to attack. On April 26, 1924, near Gu&nica l observed 
a gmraguao swoop down and strike a small hen in the field, but we 
gave it a scare and it dropped the hen, which half limped and half 
flew towards shelter. A bird observed at Cartagena Lagoon on 
February 6, 1924, had a rat in its claws. Stomachw*examined by 
Bowdish (1902, p. 361) and Wetraore (1916, p. 33) contained 
nothing but rat remains. An immature bird obtained at Mayagii.cz 
September 18, 1924, was apparently a sick bird. It was wounded 
by throwing a rock at it. Its stomach contained one brown feather 
which appeared to be one of its own, and a lot of grass, in addition 
to some coarse gravel, which formed 6 per cent of the contents. The 
eVidenee shows that this bird is often if not usually beneficial, so 
only those birds whieh form the habit of eating poultry should be 
destroyed. . 

The adults of this species are known to the country people as 
guaraguao, and immature birds as lechuza. The subspecific status 
of the Porto Bican form is uncertain. 

54. FALCO PEBEORINUS ANATOM (Bonaparte). Duck Hawk. 

Falcdti grande. 

The Duck Hawk is an irregular winter visitant at Cartagena 
Lagoon. A bird in the plumage indicated as first year in the plates 
of the Birds of New York spent the winter of 1921-22 at the lagoon. 
My latest record was March 22, 1922, though I observed one at 
Anegado Lagoon on April 1, 1922. During the winter of 1923-24 
none were seen, but one arrived September 30,1924, and was observed 
regularly until I left the latter part of October. 
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When in pursuit of its prey this species is fearless of man. At 
the lagoon it seldom attacks any swimming waterfowl, but waits until 
they have been flushed and then pursues them at tremendous speed, 
often whizzing past the man who has flushed them like a catapult 
in its haste to obtain its prey. It is particularly fond of Allen’s 
Buddy Ducks and Porto Rican Coots, but they show remarkable 
ability in dropping to the water and diving when pursued. I have 
also observed this Hawk pursue some of the larger shore birds, 
especially the Black Necked Stilt and Leaser Yellowlegs. I once 
witnessed an exciting race for life on the part of a Black Necked 
Stilt The Stilt kept ahead for quite awhile, but the Hawk was 
steadily gaining on it. Just as it seemed as though its talons would 

sink into the unfortunate Stilt, a dash into some thick brush saved 

<*■ 

its life, and the Hawk flew away disappointed. When a Duck Hawk 
flies near a flock of Little Blue Herons they scatter in a hurry. 
Despite their large size they fear the “Noble Peregrine". In Porto 
Rioo the Duck Hawk has no enemy but man. It is a destructive 
speciesj but fortunately it is not abundant enough to do serious 
damage. However, it should not be protected. 

55. FALCO COLVMBABIUB C0LUMBABIU8 (Linnaeus). Pigeon Hawk. 

ChtvUdn. Lechvta. 

t 

The Pigeon Hawk is a regular winter visitant to Cartagena Lagoon. 
Two birds wintered there in 1921-22, two in 1923-24, and two ap¬ 
peared in the fall of 1924. I have also observed this species at various 
other localities on the Island. In my notes I find records for Que- 
Iradillas, April 12, 1922; Sabana Grande, April 25, 1924; and La 
Plata December 14, 1923, and March 29, 1924. At Cartagena Lagoon 
my lateef spring record is April 18, 1924, and my earliest fall record 
October 20, 1924. 

At the lagoon it was usually a rather shy species, seldom per¬ 
mitting of close approach. Tt hunted mostly over the grassy areas, 
occasionally making tours over the open water and other parts of 
the marsh. Its favorite perching place was on some posts whioh 
supported a barbed-wire fence at the north edge of the lagoon. On 
one occasion (October 20, 1924) a Pigeon Hawk went through a 
rather surprising performance. T^o birds were apparently fighting 
for feeding rights, pursuing each other on the wing. Then one of 
the birds alighted in a Jobo tree south of the lagoon, and the other 
flew off. As I approached the bird in the tree, much to my surprise 
if flew towards me, and alighted on the ground eight feet in front 
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of me, and flapped its wiugB aa though feigning injury. A boy who 
was near then hit it with a pebble and it flew off. 

A male collected April 8, 1924, had eaten exclusively animal 
matter. Two bright red and yellow dragonflies and six other dragon¬ 
flies formed 73 per cent, a damselfly naiad 12 per emit, and the 
feathers of a small bird, apparently Peirochelidon failva poectloma, 
15 per cent. In the field I observed one chasing a Porto Bican 
Grackle, but it escaped. The Pigeon Hawk is another injurious 
species by reason of its destruction of small birds and dragonflies, 
and does not deserve protection, though it is not abundant enough 
to do very great damage. 

56. CERCHNEIS BPABVEBIA LOQUACULA (Riley). Porto Rican Sparrow 

Hawk. Falc6%. 

The Porto Bican Sparrow Hawk, although a common resident in 
most of the coastal lowlands of Porto Rico, is a rare visitor to Car¬ 
tagena Lagoon. In 1923-24 I observed it on just six occasions, 
mostly in the winter months. When at the lagoon more often 
occurs in the open-fields and Varronia associations than in the marsh 
proper. These Hawks occupy commanding perches from which they 
scan the nearby country for prey. Field observations indicate that 
this consists largely of grasshoppers and lizards. I once observed 
one devouring an Ameiva end so large that it could be swallowed 
only with great difficulty. It was being scolded the while by a 
CUorostilbon maugaei. These diminutive hummers, smaller than 
the North American Ruby Throat, often scold and pursue Sparrow 
Hawks, either alone or accompanied by other birds, notably the Gray 
Kingbird and the Yellow-shouldered Black-bird. On March 9, 1924, 
at Mayagiiez, I observed the mating of the Porto Rico Sparrow Hawk. 
The male pursued the female for a short distance, and upon capturing 
her mating took place. 

Only one stomach, lhat of a female collected near Cartagena 
Lagoon on October 10, 1924, was examined. It was nearly empty, 
containing only a small wad of mouse fur and some fragments of 
what was probably a centipede. Wetmore (1916, p. 31) found that 
many mole crickets and other Ortboptera were eaten, and these, 
together with House Mice, offset the damage done by eating many 
lizards and a few small birds, so that on the whole they are of 
somewhat neutral value. Individuals living near canefields where 
mice and mole crickets abound are of more value, and they should 
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Ik encouraged to take up their bode there by providing conspicuous 
high perches from which they can scan the fields for prey. 

57. PAN DION HALIABTV8 CABOLINSN8I8 (GinelhO. Osprey. AgvUa. 

The Osprey is a rare visitor to Cartagena Lagoon, f have observed 
one flying over the lagoon on two occasions, March 11, and September 
27, 1924. On the latter occasion it uttered its familiar whistling 
cry. The only other record for Porto Rico I have is of two birds 
observed over Boquerdn Bay on March 22, 1922. 

58. GYMNASIO NUDIPB8 (Daudin). Bare legged Owl U<icaro 

Although I have not personally recorded the Bare-logged Owl 
from Cartagena Lagoon, probably largely because 1 have not been 
able to be there at night, T am including it in my list because the 
country people tell me they sometimes hear it at night. It is a 
common resident over most of Porto Rico, and might even be classed 
as abundant in certain regions, particularly in the mountain coffee 
fincas. It is very common around Mayagflez, and When camping on 
Montuoso Mountain in April, 1922, dozens could be heard calling in 
all directions among the mountain coffee fincas, Its call iB a tremulous 
trill, more tremulous and more rapidly trilled than that of the Screech 
0|rl. It also has a merry, chattering sound which is uttered more 
frequently during the winter months than the trill. These owls are 
more vocal on moonlight nights than on dArk ones, and they may be 
then be heard thoroughout the night, whilst on dark nights they are 
usually only heard for a short time after dusk and for a short time 
before dawn. On one occasion (May 18,1924) at Mayagiiez (to which 
locality most of my notes on this species refer) I kept track of the 
calls heard towards morning to ascertain at what minute the last calls 
would be uttered. The last one was heard at 5 :57, just before the 
sun rose with charasteristic tropical suddenness. On moonlight nights 
these little owls may sometimes be observed very clearly by placing 
one’s self so that the owl is between himself and the moon. One of 
my most vivid memories of Porto Rican nights is of watching a mucaro 
perched on the branch of a eucalyptus tree, with the moon directly 
behind it, preening its fink feathers. Its long, bare legs were very- 
conspicuous. Once it flew down to the ground with swift, noiseless 
flight, and apparently picked u]t some insect. They also perch at 
times upon the rolled-up new leaves of banana trees. There normally 
stand up vertically, but when the owl alights on them they bend to 
a horizontal position. 
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In the latter part of the wintered 1922 my toother was pre se nt e d 
with a full-smed but still downy young m6earp which was captured 
on the University campus at M&yagiiez. It was blind in one eye. 
He kept it as a pet for several months, feeding it meat and insects. 
It woald eat cooked beef ravenously, pulling it to pieces with beak 
and (daws before swallowing it. But its favorite food was cock¬ 
roaches, which could be obtained in great numbers without difficulty. 
He tried to give it its liberty several times, but probably on account 
of its blind eye it could fly only in circles, and always returned 
When we left the Island it was given to some neighbors, but they 
could not get it to eat anything, so it did not live long. 

The country people believe that m&caros are injurious by reason 
of consuming many coffee berries, but there is no evidence to support 
this theory, and there is much evidence that it is not so. No one has 
ever seen one actually eating coffee berries, nor have any been found 
in the contents of stomachs examined. Dr. Wetmore (1916, p. 67) 
tried to starve some captive birds into eating coffee berries. They 
could not be induced to eat them, but on being offeredyuumal food 
they promptly ate it. This experiment was repeated by Miss Rosario 
Brito of Mayagdez, with similar results. 

Two birds were collected at Mayagiiez, one in December and one 
October 3, 1924. The stomach of the December bird waa unfortu¬ 
nately lost That of the October bird contained exclusively insects 
Those identified were a huge rat-tailed maggot forming 15 per cent; 
a large Katydid, 25 per cent; two sugar cane root borers (Diaprepes 
kpenghri), 8 per cent; 2 large green caterpillars, 5 per cent; 4 
Noctuid moths, 1 per cent, and 1 small Locustid, 1 per cent. 

The Bare-legged Owl is a useful species due to its fondness for 
insects, and is of exceptional value because it is adapted to obtain 
those insects that are nocturnal in habit. On this account it should 
receive full protection. 

59. CBOTOPBAQA AKZ (Linnaeus). Ani Judio. 1 

The Am is a common resident species at Cartagena Lagoon, and, 
in fact, throughout most of the Island. It feeds regularly in all the 
plant associations of the lagoon except the open-water association, 
and nests in the Bamboos and the higher trees of the Varronia 
association. It is always found in flocks, usually of from 6 to 15, 
and always feeds on or near the ground. When alarmed it flies to * 
a shrub or low tree and examines the intruder, uttering its querulous 
notes. The flight is low, and seldom of continued duration. The 



FIG-. 38.—Semipalmated Sandpipers. August 26, 1924 



FIG. 39.—Nest and Eggs of Porto Rican Ground Rove. 
Tinaj a Hill. May 28, 1922 





















FIG. 40.—Downy Young Bare-legged Owl May 1922 



FIG. 41.—Nest of Porto Bican Grackle in Oat-tails 
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Ani Is quite helpless in a strong wind. Anis usually seem quite 
peaceful, but once (May 23, 1924) I observed two birds fighting on 
the ground. With ruffed feathers they would advance to meet each 
other, emitting guttural kr-rick sounds. This kept up until one gave 
the other a sound jab and caused it to fly away. 

The Ani apparently 1ms no well-defined breeding season, as birds 
may be found breeding at all times of the year. Near the lagoon 
most of the nests are built in bamboos. They are bulky affairs 
constructed of sticks and bamboo leaves. From December 4 to 11, 
1923,1 watched a nest in construction about 12 feet from the ground 
in an isolated bamboo clump in the open-fields association about 100 
yards north of the lagoon waters. A flock of thirteen Anis were 
interested m it. The bamboo leaves used for construction were 
still green Many individuals apparently assisted in the work, yet 
it proceeded slowly, as they were not very diligent workers. Unfor¬ 
tunately the birds deserted after the first time that I casually 
climbed up to the nest, so 1 did not have the opportunity of observing 
the eggs and young. When the nest was approached the whole 
flock would gather around and utter complaining calls. I am told 
by reliable observers that as many as twenty eggs are found in a 
dost. 

*On September 30, 1924, 1 found a young Ani on the ground 
under some bamboos. It was unable to fly. The wing and tail quills 
were about half grown. The rest of its plumage consisted of black 
and white natal down, giving the bird a somewhat ludicrous resem¬ 
blance to an immature Barred Bock fowl. A large area in Urn middle 
of the breast was bare. A flock of seven or eight adults in the 
bamboos overhead showed great solicitude for its welfare, flying 
around anxiously and “yelping" until I was some distance away. 
Many juvenile birdB were noted in the Varronias during the summer 
and fall months. A juvenile male 9.25 inches long collected there 
October 7, 1924, had not quite finished acquiring its first plumage-,, 
a tittle natal down was left. The wing quills were barely long 
enough to permit it to fly. Despite the small size of the bird, its 
oil gland was fully as large as that of adult birds. 

The Ani feeds so extensively upon the ground'that undoubtedly 
some are eaten by the Mongoose, Snt they are very quick to observe 
danger, and if one bird in the flock gives the alarm note the rest sB 
fly immediately, so they seem to be able to maintain their own pretty 
“well against the Mongoose. Their flesh has a peculiar odor, so they 
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are not sought by hunters as food. Altogether, their enemies are 
few, so they flourish and are abundant 

The Ani eats almost anything living that comes its way, although 
it is particularly fond of Orthoptera. In addition, it does not refuse 
fleshy fruits it they are conveniently obtained. In the Add Anis 
may often be observed eating insects of many hinds and occasionally 
fruits. I have even observed one swallowing a large mouse entire. 
It alighted on a wire fence to do it, and had to straiu and gulp 
considerably before the mouse slipped down. 

Seven Anis were collected at Cartagena Lagoon and their stomach 
contents examined. Animal matter formed 99.57 per cent of the 
food, and the remaining 0.4;* per cent consisted of the seeds of fleshy 
fruits. Twenty-five Mole Cricket nymphs were found in two stom¬ 
achs, and fonued 19.1 per cent of the animal matter. Grasshoppers 
formed 19.21 per cent and cockroaches 17.9 per cent. Other items 
found in smaller quantity were: 


Naucoridae (Pclocoris femoratw) _0.57 per cent 

Corixtdac (Corixa reticulata) _0.14 parent 

Beetle (Ceratoma mfieornis) _0.14 per cent 

Earwig-0.14 per cent 

White flower spider_0. 28 per cent 

Cave Crickets (Rhcidiphorimae) _0.71 per cent 

Fleahoetles (Disonyeha laevigata) _0.14 per cent 

Eleabeetles (Cryptocephalus trigticvXis) _0.28 per cent 

Fleabeetles (Oedionyohus cyanipennie) _0.14 per cent 

Smooth green caterpillars-8. 85 per cent 

Lepidopterous pupae-0. 71 per cent 

Dytiscid larva-1. 4 per cent 

Blue damselflies__1. 4 per cent 

Metamasius hemipterus _ 0. 28 per cent 

Wasp_0. 28 per cent 

Sesban weevils ( Tyloderma sp.)_ 0.14 per cent 

Calosoma beetle_0. 28 per cent 

Other Oarabidae_1.4 per cent 

Sugar cane root borers (Diaprepes spengleri) — 0. 71 per cent 

Dragonfly naiads_2.57 per cent 

Noctuid moths_4. 7 per cent 

Black feathers (probably its own)-0.71 per cent 

llydrophilid larvae-0.47 per cent 

Spider (Aranea sp.)-0.47 per cent 

Noctuid caterpillars-1.4 per cent 

Ambush bug- 0.71 per cent 

Spider_-_0.71 per cent 


The Ani is thus shown to be a rather omnivorous eater as far as 
animal matter is concerned, and it is attracted to the lagoon by an 
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abundance of food rather than by any special love of marsh c onditions. 
It is only slightly more abundant at the lagoon than in the T«l*nd 
in general. It is highly beneficial in its food habits. It is a valuable 
species, and it is fortunate indeed for the agriculturist that it is as 
abundant as it is. Would that it were even more abundant. 

60. COCCTZUS MINOR NE8IOTE8 (Cabanig). Mangrove Cuckoo. 

Pdjaro Bobo. 

The Mangrove Cuckoo is a rare bird at Cartagena Lagoon, where 
I have Observed it only in the Varronia association. It is a resident 
species, not very common on any part of the Island. I have observed 
it most frequently in the vicinity of Mayagiiez, where it is not unusual 
to see and hear it in the coffee finals. The call notes arc similar to 
those of the Yellow-billed Cuckob. 1 collected a male with much 
enlarged testes in a coffee fine a near Mayagiiez on dune 24, 1924. 
Tts stomach contained two sugar-cane root-borers, ( Dinpnpcs spen- 
gleri) and a little debris. One observed in the field was catching 
moths in an orange grave. Or. Wetmore (191fi, p. .77) found this 
to be one of the most beneficial birds on the island on account of 
its propensities for devouring Ooleoptera and injurious caterpillars 
It is unfortunate that it is not more abundant. 

0 «1. T0DU8 MEXICANTTS (Lennon). Porto Rican Totlv 8av Mato. 

Medio Peso. 

The Tody is never found in the marsh proper, but one pair lives 
in the Bamboo association, and I have observed a number on Tinaja 
Hill. Tt is common over most of the Island, particularly so in the 
coffee fineas. Todies are very tame birds, and T believe it would be 
possible* to catch them in an insect net. They an* usually found in 
the undergrowth at a height of from four to ten feet abo\e the ground. 
Their usual call note is a loud, grating, rather nasal pant. Some¬ 
times they break out into a series of harsh squeaky sounds. They 

perch motionless on some bare twig or other exposed position, and 
dart out after insects on the wing in flycatcher fashion. 

Todies nest in holes in banks. Their nest holes are often ob¬ 
served, but I have never dug out one. They are generally dug in 
the faces of steep banks of the red clay which is characteristic of 
the humid regions of Porto Rico. * The holes are said to go in straight 
for a short distance, and then turn at right angles to the right or 
left. From three to four white eggs, very large for the size of the 

bird, are said to be laid (cf. Gnndlach, 1878, p. 219; Wetmore, 
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1916, p. 64). Apparently the nesting season begins in March and 
extends to June or Jqly. 

The food of the Tody consists mostly of insects, though some 
vegetable matter is eaten. The stomachs of three birds collected at 
Mayaguez in December were examined. Animal matter formed 
97.66 per emit, and vegetable matter 2.34 per cent. Two large flies 
(Volncella obesa) formed 17 per cent of the animal matter; a cock¬ 
roach retheca. 13 3 per pent; weevils, 5 per cent; earwigs, 10 per 
cent; fleabeetles ( PhyUotreta guatamalensis ), 6 per cent; Membra- 
cidae, 5.3 per cent; large insect egg, probably of a moth, 1.6 per 
cent. The rest of the animal matter consisted of insects too finely 
comminuted for identification. The vegetable matter consisted of 
seeds, among which those of the fresa (Bubus sp.) were identified. 
The Tody is a very useful species to the coffee grower, and deserves 
absolute protection. 

«2. 8TEEPT0CEBYLE ALCYON (Linnaeus). Belted Kingfisher. 

P&jaro del rey. 

The Belted Kingfisher is a common winter visitant td*Porto Rico 
from September to April, but it is decidedly uncommon at Carta¬ 
gena Lagoon. Tt is much more frequenly seen along the seacoast 
and in the mangrove swamps. All my Cartagena Lagoon records 
are between September 23 and October 14, 1924. At least two 
individuals were present during that time. At Anegado Lagoon 
T observed this species on March 4 and April 1, 1922. My latest 
sprihg record for the Island is April 11, 1922, at Quebradillas Tt 
is my belief that the scarcity of the Kingfisher at Cartagena Lagoon 
can be accounted for by the scarcity of suitable perching places 
over the water, nothing higher that a fence post being available. 
Those that do frequent the lagoon hover with rapidly beating wings, 
but without changing their position, at a height of about 25 feet 
over the water in Sparrow-Hawk fashion before diving. Apparently 
they feed on Killifish (Pcetlia vivipara ), as when they dive they 
eome up with small fish and this is the only common species of 
small fish at the lagoon. The Kingfisher is greatly sought by 
hunters on account of its striking appearance rather than the deli¬ 
cacy of its flesh. The fish taken are not of value as food for man, 
so it is not directly injurious. 

S3. MELA VEBPE8 POBTOBIOEN81B (Dftudin). Porto Bican Woodpoekor. 

Carpintero. 

The Porto Rican, Woodpecker is very rare at Cartagena Lagoon 
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il it ooeari there at ell. I have never seen any there, but 1 have 
seen (me on some dead stubs at Anegado Lagoon, and have no doubt 
that the species at least occasionally visits the larger trees in the 
Varronia association. 

The Woodpecker is common wherever there are many trees, 
particularly in the coffee fineas, where it inhabits the large trees 
which are grown to shade the coffee. It has a great variety of call 
notes, the commonest of which is a slightly metallic, but not sharp, 
series of works. It suggest to some the sound of a large muffled 
sleighboll in the distance. In the spring some call notes suggesting 
thd syllables wit, wit wit-er-r-r-r- are heard. Other notes heard at 
times are a series of kuks "somewhat like the clucks of a hen, and a 
sound somewhat resembling the mews of Catbird, but having also 
a resemblance to the cry of the Sparrow Hawk. 

For nesting purposes the Woodpecker excavates a hole in a dead 
tree. One that I observed in use at Quebradillas was in a dead 
cocoanut palm, while one at Mayagiiez was in dead almendro (Ter- 
minaUa catappa). Both were at heights of about 20 feet above the 
ground. The hole in the almendro was already occupied in Feb¬ 
ruary, but no young birds on the wing were noted until June. 

The stomach contents of a male collected at Mayagiiez Sep¬ 
tember 25, 1924, were examined. It had eaten entirely animal 
matter, of which wood-boring Longieom larvae formed 90 per cent; 
a Tenebrionid beetle, 5 per cent; and an adult Longieom, 5 per 
cent. Woodpeckers are peculiarly useful birds, obtaining insects 
which bore in the wood or live under the bark, which few other 
birds are adapted to obtain. This is the only woodpecker found in 
Porto Rico, so it should by all means receive all protection. It is 
possible that in some cases they might do* damage by boring in 
cocoanut palms or other trees, in which case those individual birds 
should be destroyed. 

34. CHOBDEILE8 VIRGINIANS MINOS (Cabanig). Cuban Ni K htha\\k 

Capacho . 

The Cuban Nighthawk is an uncommon summfer visitant, and 
may nest in the vicinity, though I have no direct evidence of this. 
On three occasions on cloudy afternoons I have observed a single 
bird flying over the lagoon. These days were M&y 27, Junfe 7 and 
28, 1924, and moreover, these are my only records for the Island. 
Stahl (1887, p. 451) states that it is a rare summer visitant, found 
from April to October, and that it nests on the Island. It is 
certainly rare. 
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«6. NltrHOKCKTKB NIGER EIGER (Gmelln). West Indian Blank Swift. 

Golondrtna. 

The Black Swift is a rare resident in Porto Rico,, and Struthers 
'1923, p. 475) observed it at Cartagena Lagoon on August 29, 1921, 
and February 4, 1922. It has never been my good fortune to ob¬ 
serve it there, though I observed a flock of fqrty over the then dry 
Anegado Lagoon on March 29, 1924. That is a greater number 
than I have seen on the rest of the Island during nearly two years' 
residence. This species is never observed except in the early morning 
and just before dusk. It is most commonly observed from May to 
July. In addition to Anegado Lagoon I have records from Maya- 
giiez (various dates from March 31 to July 28); Filial Amor (May 
16); Guauiquilla (June 28). It is usually observed either singly 
or in flocks of three. Dr. Wetmore (1916, p. 74) reports that two 
Black Swif stomachs contained only injurious insects. Swifts are 
among our most useful birds, and as this is the only swift found in 
Porto Rico it is regrettable that it is not more common. 

(Jti. CH/jOROSTILBON MAUGAE1 (Andebert and \ieillot). H§rto Rican 
Rmerold. Zumbador. Zimbadorcito. 

The Porto Rico Emerald, the smallest Hummer found in Porto 
Rico, is occasionally observed at Cartagena Lagoon, though more 
abundant in more wooded regions. It is about half an inch shorter 
than the familiar Ruby-throat of the North. At the lagoon it is 
most often seen in the Varronia association or in the bamboos, or 
else‘flying across the marsh enroute to one or the other. At Maya- 
gfiez it is much commoner. Among its favorite flowers are those 
of the Rangoon Creeper. Tt is sometimes observed at sugar cane 
flowers. It is frequently seen gathering something, presumably 
insects, from the under sides of banana leaves. On January 25, 
1924, I observed one hovering at a tree fern trunk for as long as 
three minutes. Whether it was obtaining some minute insects for 
food or some of the fluffy, scaly material on the trunk for nest 
material I cannot say, but I believe insects were more likely the 
object of its quest as it did not appear to have anything in its bill 
when it flew away. They arc very quarrelsome birds, and bold 
despite their small size. A pair which apparently bad a nest on 
the Experiment Station Grounds at Mayagiiez in May, 1924, often 
scolded and pursued a Sparrow Hawk which fed in the vicinity, 
but the hawk never appeared to notice the angry little Hummer. 

The stomach of a bird which I obtained at Mayag&ez December 
20, 1923, contained only a microscopic chalcid fly, and that'of one 
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collected June 30, 1924, contained a mass of microscopic fragments 
of what appeared to be very small Diptera. 

67. ANTTfJIACOTHORAX VIBID18 (Andebert and Vieillot). Green Mango. 

Zumbador. Zwnbador Verde . 

The Green Mango is the Hummer most regularly seen at Carta¬ 
gena Lagoon, though at most places in the coastal lowlands the Porto 
Bican Mango is by far the commonest species. A pair of Green 
Mangos apparently nested in or near the bamboos lining the stream 
just west of the lagoon, and they were sometimes seen flying over the 
marsh, though they did not appear to obtain any food there. In 
the humid part of the Island this is largely a species of the coffee 
fincas. A male which I frequently observed in the hills between 
Mayaguez and Afiasco could almost always be found perched on a 
certain dead twig of one of the orange trees which occur frequentlv 
scattered among the coffee bushes and shade trees of the coffee fincas. 
In the early mornings while the woods were still dripping from the 
drenching rains of the previous afternoon he could be observed oc¬ 
cupying a higher perch in the top of the same tree, sunning himself 
and preening his feathers. During the day he would occasionally 
make feeding tours, always returning to the same perch. Rangoon 
Creepers are perhaps the favorite flowers of this species, as of the 
otlffer Hummers. It also obtains food from the under sides of banana 
leaves. When the Rangoon Creepers are in full blossom I have seen 
as many as four males feeding at once at one small patch, but when 
too many fed near together there was always fighting, accompanied 
by sharp squeaks. 

68. A N TUBA CO THOM A X AVBVhKNTUS (Andeberl nn.l Vieillot). 

Porto Rican Mango. Zvmbador. 

The Porto Rican Mango, although the commonest Hummer in 
most of the coastal lowlands of Porto Rico, is the rarest at Carta¬ 
gena Lagoon, where I have only one record, that of three birds seen 
flying over the lagoon on October 14, 1924. At Anegado and Gu&- 
nica Lagoons this species is really abundant, and it Is very common 
in the brushy growth back of the beach at Boquerdn and at Maya- 
giiez and other places near the coast, though less common in the hills 
than A. viridis. Among its favorite flowers are those of the Rangoon 
Creeper; the Quango or Rain Tree (Pithecolobivm saman ); the 
orange-flowered Leonotis nepetaefoiia, and sugar cane. I have also 
observed them probing cotton bolls. They are very pugnacious birds, 
and squeak loudly when quarreling. 




On April 1, 1922, I found ft freshly completed 
eggs at Anegado Lagoon. It was plated in the folk of ft 
branch of a thorny tree, at a height of five feet fmn the ground. 
It was constructed of fresh green lichens and cat-tail down, end 
was about twice aa large as any Ruby-throat neats I have seen in the 
United States. Hie owners were bussing angrily around while I 
investigated the nest. , 

I collected four Porto Rican Mangos (a female at Mayagftes, 
December 21, 1923; a male at Boquerdn, March 8, 1924; and two 
males at Gukniea Lagoon, October 3, 1924). Animal matter farmed 
97.5 per cent of their food, and vegetable matter 2.5 per cent. The 
vegetable matter was all rubbish. Of the animal matter, the fol¬ 
lowing were identified; Small brown ante, €.2 per cent; flower spiders 
(Mitumena sp.) 8.9 per cent; Dolichopodid flies (PiUoput sp.), 12.5 
per cent; Cecidomyid flies, 6.1 per cent; other Diptera, 10 per cent; 
small Dipterous larvae, 1.2 per cent; Ghalcids, 10 per cent; small 
bees, 7.5 per cent; small Coleopterous fragments, 16.2 per cent. 
The insects eaten appear to be injurious with the exception of some 
of the small Hymenoptera. 

6fl. TTSANNVB V0M1N1CENSI8 DOU1NICENSIS (Grnelin). Gray 
Kingbird. Pitirre. 

The Gray Kingbird is an abundant permanent resident at Carta¬ 
gena Lagoon. It feeds in all parts of the marsh, but is most abun¬ 
dant in the Varronia association. It nests in the Varronia, T&ehuelo 
and Bamboo associations; in fact, wherever there are any trees. 
It is a noisy bird, and is heard constantly from morning to night 
until one becomes almost tired of hearing them. The native name 
'‘pitirre” is an imitation of the call note. It is the earliest bird to 
awaken in the morning with the exception of the Antillean Killdeer, 
though the Jamaican Mockingbird and the Porto Rican Petehary 
follow soon afterwards. They are very pugnacious, and are con¬ 
tinually panning Hawks, Blackbirds, Vultures, Killdeers, Sand¬ 
pipers and other birds. They arc expert at catching insects in the 
air, and are one of the few birds which oan catch dragonflies on the 
wing. I have even seen one catch one of the large green and black 
species, the swiftest of all the dragonflies at the lagoon. Although 
catching a large part of their food on the wing, the Pitirre often 
descends to the ground to pick up insects. Once a Pitirre was ob¬ 
served catching flies that swarmed around a rotten flah. They often 
swoop down to the surface of the water either to drink or to pick 
up aquatic insects or both, making a little ripple as they do. so. 





















FIG 44—Female Porto Bican Golden Warbler on Nest 

in Cat-tails 



FIG. 45.—Louisiana Water-tbrush Feeding Young, at 
Ithaca, N Y. This species occurs as a winter visitor 
in Porto Bico 
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** in practically all part* of the Wand, from the 
Wmatofa tops to the sea, but ia most abundant along the semiarid 
•south a) vflft, and ia very Marc* in well-wooded area* 

the Mating season apparently extends from April through June 
or into July. The nests are platted in trees at a height of from ten 
to twenty feet from the ground. They are cup-shaped affairs, made 
Of twigs and lined with coarse grasses Three eggs are the usual 
number* A vari-colored species of cockroach (Aglaopieryx diaphana 
Fabncrus) abounds in the Pitirre neats, living among the twigs, also 
a cricket and a black and yellow ant. 

TPhe stomachs of two Gray Kingbirds from Cartagena Lagoon 
and of one from Mayagiiez^ Were examined. The lagoon birds had 
eaten exclusively animal matter. Included in this were two large 
wasps (Odyverus sp.), 45 per cent; one small wasp, (Megacanthoptu 
sp.), 5 per cenf; one Sesban weevil ( Tyloderma sp.), 3 per cent; 1 
jumping spider, 5 pp r cent, and the rest was insect matter too finely 
comminuted for identification. The Mayaghez bird had eaten a large 
bine wasp and the fruit of a Cucurbitaceous vine. The Gray King¬ 
bird has a great fondness for Hymenoptera, but as Dr. Wetmore 
shows (1916, p 76) it also eats many injurious insects, and is an 
extremely useful bird 

'The Gray Kingbird is no more abundant at Cartagena Lagoon 
than it is m the surrounding country Open country is the chosen 

habitat of this species, and wherever there is open country it abounds. 

1 

70 TOLMABCHUS TAYLOKI (Sclater) Porto Bican Petchary Cltrxgo 

The Porto Bican Petchary is a very rare bird in the region of 
Cartagena Lagoon My only two records are of birds seen in the 
Bamboo Association April 11 and August 23, 1924 At Mayagilez 
it is a common species, and I have also observed it at Apegado 
Lagoon, Guayabal, Penuelag,*near Aibonito, near Santa Isabel and 
near Utnado. It is most abundant in well-wooded regions, including 
the coffee fincas. In general appearance this bird is quite similar to 
a Gray Kingbird with a dark; brown substituted for tie gray of the 
upper parts, appearing almost black an the head. It is a less ag¬ 
gressive species than the Gray Kingbird, and is Stfldom observed 
punning other birds. The notes jre louder and harsher, bat are 
not uttered as constantly throughout the day, although they are 
very noisy for awhile at daybreak. They are slightly more noisy m 
the breeding season than at other times. A bird was observed 
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carrying nesting material at Mayagftec on February 9, 1994, but X 
have never actually observed the nest of this species. I did not 
examine any stomachs of the Petehary, but Wetmore (1918, p. 80 ) 
found it to be an extremely beneficial species. Its scarcity at the 
lagoon is accounted for by the lack of woods. 

71. UY1ABCHV8 ANTILLABUM (Bryant). Antillean Flycatcher. J*i. 

The Antillean Flycatcher is another species which is very rare 
at Cartagena Lagoon, though rather common in other parts of the 
Island. My only record at Cartagena is that 6f a bird heard in the 
Varronia association April 22, 1924. At Mayagiiez it is a rather 
common species, and it is much commoner at Anegado than at Car¬ 
tagena Lagoon. I have also observed it at Juana Diaz. Its native 
name jui (pronounced whee in English) is an imitation of its un¬ 
mistakable note. It is most common in coffee fincas or other places 
where there is dense cover. It is a quiet and somewhat secretive 
species and is easy to overlook unless heard. It catches insects on 
the wing. It is said to nest in holes in trees. The stqgpach of one 
bird collected at Anegado Lagoon March 29, 1924, contained a bril¬ 
liant red and green Scarabeid beetle, 60 per cent; miscellaneous 
insect fragments, 32 per cent; and a few small berries, 6 per cent. 

72. BLACICU8 BLANCOI (Cabanig). Porto Rican Pewee. Bobito. 

Although 1 have no actual Cartagena Lagoon record for the 
Poiito Bican Pewee, it would be surprising if it does not occur 
occasionally in the Yarronias, as it is found in similar situations in 
other parts of the Island. It is principally a bird of the coffee 
fincas and other regions with dense cover. It perches on dead twigs 
and makes short flight after insects in true Pewee style. Its call 
note has been well described by Wetiqpre (1916, p. 83) as “a low 
tremulous pree-e-e-e.” The birds are very easily overlooked unless 
calling, and the call note is so inconspicuous that one is apt not to 
notice it nntil his ears are trained to hear it The stomach of a 
bird taken at Mayagiiez June 24, 1924, contained 60 per cent of 
animal matter and 40 per cent of vegetable matter. The animal 
matter consisted of two Membracids (80 per cent); fleabeetles, 4 
per cent; and a small Lepidopterous larvae, 16 per cent. The 
vegetable matter consisted of 30 seeds, apparently of some fleshy fruit” 
or berry. 
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78. AOMLAIVB ZANXSOMUB (Sclater). TeUoW-ahooldered Blackbird. 

Itarigidta. 

The Yellow-shouldered Blackbird is a common resident at Car¬ 
tagena Lagoon. It comes to the marsh to feed, but nests in trees 
away from the marsh proper. It lives in flocks at all times of the 
year. The flocks are of small size during the greater part of the 
year, but after the breeding season in June flocks containing as many 
as 260 individuals are observed feeding in the caneflelds. Flocks of 
Eoloquiscalus n. brachypterus often contain a few of this species 
They feed in all the plant associations of the marsh except the Open 
water, and they also feed in places far from the marsh, though not 
so commonly. None are found in the higher mountains. 

When a bird is shot and injured its comrades gather around 
with sharp cries. The ordinary call note is a rather sharp metallic 
chink, and they also have a typical blackbird chuck. The song is 
a rather wheezy affair and is seldom heard. Near the lighthouse 
at Cape Rojo many of these birds congregate in the mangroves at 
dusk to roost. 

The nesting season is in May and June. Where Cocoanut and 
Royal Palms are found the nests are placed in the axils of the large 
IcaveB. Near Cartagena Lagoon where palms are scarce these birds 
nesjLin colonies in the larger trees of the Varronia association, often 
in the same trees with the Crackles, at a height of about thirty feet 
from the ground. The birds are very noisy when their nests are 
approached, uttering sharp, high-pitched scold notes. Some young 
were on the wing by May 28, but others were still in the nest the 
middle of June. A female collected October 14, 1924, was molting 
badly. 

The Yellow-shouldered Blackbird apparently has but few enemies, 
as it places its nests in quite inaccessible positions, and it is seldom 
shot at. The Mongoose undoubtedly obtains a few while feeding on 
tiie ground. 

A flock of these birds lived near a poultry yard at the edge of a 
small swamp at Mayagiiez, and fed on what grain they could pick 
up, supplemented by a little food obtained in the swamp. These 
birds also probe the blossoms of Guamfi (Inga lauritia) and Bucare 
(Erythrina sp.) and other trees ^for insects and* apparently for 
nectar. 

Animal matter formed 92.2 per cent of the food in the stomachs 
of five birds collected at Cartagena Lagoon in April and October, 
and vegetable matter 7.8 per cent. The vegetable matter consisted 
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of finely ground seeds, among which were those of Maiojillo Grass 
(Ponicum borbinade) and Foxtail Grass ( Chaetochloa ) were iden¬ 
tified. The animal matter eaten was quite varied. Items identified 
were: Aphids, 11.6 per oent; weevils ( Tyloderma ep.), 4A per 
cent; Fleabeetles {System basaUsq, 6.0 per cent; Longicom beetles, 
8 per eent; other Coleopterous fragments, 18.4 per cent; Naueoridte 
(Pelocoris femoratus), 1.6 per cent; Notonectid® (Notonecto un¬ 
ciiulata), 1 per cent; aquatic Stratiomyid larve, 9 per cent; Syrphid 
adults, 5 per cent; two leaf-rolling caterpillars {Dtchomem sp.), 1 
per cent; other Lepidopterous larvae, 17.6 per cent; fish scales, 1 
per cent. The moth Dichomeris belongs to the same family 
(Gelechiidae) to which the Pink Bollworm belongs. In addition to 
the food, gravel was found in four out of the five stomachs, but 
formed only 2.2 per cent of the total contents. 

The Yellow-shouldered Blackbird, though closely related to the 
Bed-winged Blackbird, exhibits striking differences in its choice of 
nesting sites. Although it feeds more commonly in the marshes than 
elsewhere, it resorts to tall trees, usually at some distance from the 
marsh, to nest. It is quite an omnivorous feeder, anci^apparently 
frequents the marsh more because food is more abundant there 
than from any special liking for aquatic food or adaptation for life 
in the marshes. In other words, it has not acquired the ‘‘marsh 
habit” strongly enough to nest there or to restrict its feeding to 
the marsh, and in this respect it is probably more like the ancestral 
stocjf from which both the Yellow-shouldered and the Bed-winged 
Blackbirds have descended. 

74. ICTERUS*POBTOH1CENB1S (Bryant). Porto Rican Oriole. Calandra, 

Manquita . 

The Porto Rican Oriole is an uncommon resident at Cartagena 
Lagoon, where it is found only in the Yarronia and bamboo asso¬ 
ciations. It is a common species at Mayagiiez, and at most places 
in the humid regions of the Island, from the high mountains to the 
sea, and it id not at all uncommon in the semiarid south coastal region 
where there is sufficient brushy growth to provide suitable shelter. 

This species is easily confused with the Yellow-shouldered Black¬ 
bird by the beginner, but it is easily distinguished by having a yellow 
crissum in addition to the yellow shoulders. The sexes are alike, 
but immature birds are plain greenish brown. Specimens in interest¬ 
ing pied plumage are sometimes observed. 1 obtained a male in such 
a plumage at Cartagena Ijagoon on March 21, 1924. While feeding 
L 
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these Orioles often swing with their heads down. They often visit 
blossoming trees, apparently to obtain nectar and flower-frequenting 
insects. 

The Porto Biean Oriole is perhaps the best singer among the Porto 
Rican'birds, in fact it is almost the only one which can be said to 
have a musical song, but unfortunately it seldom sings. The lack 
of. bird song is one of the most noticeable features of Porto Rico. The 
Oriole has two very distinct songs. The commoner one is a dear, 
highpitched whistle of several notes delivered in a somewhat rambling 
faddon. The other is a quickly uttered series of four notes strongly 
accenting the third, thus: Whip, whip, WHEE-ah. I am inclined 
to believe that the second song is the song of the female. Christy 
(1897, p. 325) records the singing of the young female in transitional 
plumage of Icterus dominie enm, a very closely allied species found 
in Santo Domingo, and states that its song differs from that of the 
male, so it would not be unreasonable to suspect that the Porto Rican 
species does likewise. The season in which this species sings is from 
February to May On very rare occasions songs are heard at other 
times of the year. The breeding season is apparently quite extensive. 
T have observed young able to fly lieing fed by the parents at Ma- 
yJaniez on December 8, 1924. They made a great fuss when the 
young were approached too closely. On December 18, another pair 
was observed feeding young. 

The stomach contents of four Porto Rican Orioles were examined. 
Two collected at Cartagena Lagoon in March and September contained 
99 per cent of animal matter and 1 per cent of vegetable, the latter 
consisting of a little rubbish. The insect matter identified included 
a Tortoise Beetle, ( Chelymorpha ), 6 per cent; a Lamellicom beetle, 

6 per cent, a green Chrysomelid, 4 per cent; a weevil, 8 per cent; 
other (’oleopterous fragments, 5 per cent; cockroach fragments, 

1 5 per cent; parts of a butterfly, 1.5 per cent; and a small fly, 0.5 
per cent, but most of the contents were too finely comminuted for 
identification. One grain of white sand was found in one of these 
stomacliR. A specimen collected at Guinica Lagoon October 3, 1924, 
had eaten two Carabid beetles, 40 per cent; 1 weevil, 20 peij cent; 

1 Bupestrid, 20 per cent; and ether beetle fragments formed 20 
per cent. A bird collected at MayagUez December 25, 1923, had 
eaten 1 sugar-cane root-borer (Diaprepes spengleri), 12 per cent, 
.and 12 small fleshy fruits, 88 per cent. 
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75. BOLOQVIBOALVB NIGER BB ACS TPTE RUB (<&a*ln). Porto Bteu 
Gzaekle. Mozambique. Chmgo. Piekfn prieto. 

The Porto Rican Crackle is one of the most abundant residents at 
Cartagena Lagoon. It feeds in all the plant associations except the 
open-water, and nests in the cat-tail and Varronia association*. 

This is the commonest bird of the coastal lowlands of Porto Rioo. 
It is found less commonly in the foothills, and I have never seen it 
in the mountainous interior of the Island. It is particularly 
abundant around cultivated fields, where it is generally regarded 
as the most beneficial species on the Island on account of the 
injurious insects which it destroys. When the canefields are plowed 
flocks of these birds may almost always be seen following the plow 
to pick up white grubs, mole crickets and other insects that are 
turned up by the plow. 

The tail of this species has a peculiar form, the lateral tail 
feathers being elevated above the level of the intermediate ones, 
forming a letter V. This is particularly noticeable when the birds 
are in flight, making them appear almost deformed. Their notes 
include a graekle-like chuck and a great variety of squeaky notes. 

These grackles are almost always found in flocks. In fact, they 
are of so social a nature that several pairs usually place their nests 
near together, many nests being found in the same tree. The ordinary 
nesting place is in large trees, usually palms when these are available. 
Near Cartagena Lagoon where there are but few palms they nest in 
Jobo trees ( Spondias nombin L), West Indian Elms ( Ouazuma uX- 
mifolia Lam.), Ceibas, (Ceiba pentandra L.), and other trees, often 
placing their nests among the parasitic plants which grow commonly 
on the branches. One ceiba tree near the lagoon contained a colony 
of 25 nests. Having become accustomed to seeing mozambiques 
nesting in tall trees, I was much surprised when I discovered them 
nesting quite commonly in the cat-tails at the lagoon, at heights of 
about four feet above the water. The nests are built of grass and 
roots and mud is often used in their construction. The largest 
number of eggs I have found in a set is five, and four appears to 
be the common number. The eggs are very variable in color and 
markings, but most of them have a putty-colored background marked 
with brownish-red scrawls and blotches. I have found nests from 
April to August, and I believe that some may nest even later. All 
of the many cat-tail nests found were broken up before the young 
hatched, mostly by boys who wantonly destroyed the eggs. They 
could not resist the temptation of seeing an egg of any kind and 
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taking it, even though too small to cat. Small eggs arid eggs with 
large embryos were simply broken and destroyed. It is a very 
pernicious habit, and everything possible should be done to combat 
it. Possibly more nature work in the schools would teach the children 
to have more respect for wild animals. 

I noted young birds being fed by an adult at Mayagttez as late as 
January 8, 1924. 

For several years there has been a Mozambique roost in some 
cocoanut palms on the shore at Pefia Cortada, a short distance north 
of Mayagnez. Towards dusk many long straggling flocks of these 
birds can be seen flying north just back of but parallel to the beach, 
sometimes just above the tops of the cocoanut palms which line the 
beach, sometimes jnst below them. At least 3,000 birds were using 
this roost in October, 1924, and probably many more than this. 
Country people who live near the roost say it is used at all times 
of the year. 

Although the Mozambiques are useful in destroying insects they 
also have a less desirable habit of feeding on the lizards (Anolis) 
which so abound in Porto Rico. They have a very clever method 
of catching these. In describing this habit I cannot do better than 
to^ quote from notes made by my father, Prof. Ralph E. Danforth, 
of ^e Agricultural College at Mayaguez. “The Mozambiques pursue 
the lizards on the trees, surrounding the trunk so that the lizards 
are caught unless they get into the grass in time. Sometimes they 
try to hunt singly, but seem more successful when several work 
together. Sometimes hens profit by the work of the Mozambiques, 
and follow them from tree to tree to seize the lizard the moment 
the Mozambique drives it down. But even so, many of the lizards 
escape into hiding. When a Mozambique catches a lizard it flies 
to a branch and holds the lizard in its feet against the branch while 
it squeezes the life out of it with its bill, pinching it rapidly from 
end to end by a series of quick pinches. Then it takes it in its bill 
and passes it back and forth through the bill, from end to end, by 
a series of rapid motions like those made by a duck’s bill in the 
water, and finally swallows it whole when it is sufficiently soft and 
limp.” On the grounds of the Federal Experiment Station at Ma¬ 
yaguez there is a grove of closely planted Dwarf Bucare trees 
(Erythrina coraUodendron L.), used as supports for vanilla vines. 
The Mozambiques spend a great deal of time in this grove hunting 
lizards, but they also hunt them on larger shade trees, such as the 
Mango. 



104 THE JQUBNAXi OF TEE DBPAfcTJOSKtf OF J^tCCLlTOsS 

At the lfcgoon the flocks of Porto Bican Graktes often contain a 
few Yellow-shouldered Blackbirds, and the two species place their 
nest in the same colonies in the large trees, In September and 
October many tailless molting birds are observed. 

In a newly plowed canefield near the lagoon I observed a Porto 
Rican Crackle swallow a five inch centipede entire. These are very 
poisonous to humans. 1 have also seen one eating the seeds of the 
Cundeamor ( Momordica charantia), though but little vegetable 
matter is eaten. Six stomchs of birds taken at .Cartagena Lagoon in 
Hlareh, April and October were examined. These contained 94.5 
per cent of animal matter and 5.5 per cent vegetable matter. The 
animal matter identified included the following: Cockroaches, 13.3 
per cent; grasshoppers, 1.7 per cent; katydid ( Neoconocephalus ), 
5 per cent, dragonfly, 1.3 per cent; adult Neuroptera ( Sialida ), 
1.3 per cent; butterfly caterpillar, 1 per cent; moth pupa, 0.3 per 
emt; weevils, 8 3 per cent; Ilytiscid larva*, 5 per cent; Bupestrid 
{(Jhrysobothrys sp.), 1.7 per cent; tortoise beetles, 1.3 per cent; 
fleabeetles, 2 per cent; other Coleoptera, 26.3 per cent; fllbodworms, 
0.3 per cent, spiders (Aranea sp.), 1.3 per cent; slugs, 4.3 per cent; 
snails, 3.9 per cent; black down feathers (probably their own), 
0.7 per cent; pieces of eggshell, 1.3 per cent; fish scales ( PoecUia 
tuvipara), 1.3 per cent (probably of dead fish picked up along the 
shore). The vegetable matter, in addition to rubbish, consisted of 
grass, 33 per cent; and seeds of I'antcum sp., 33 per cent. One 
stomach contained a little coarse gravel, amounting to 1 per cent of 
the contents of that stomach. The stomach of a bird collected at 
Mayagiiez in becember contained no food but the pulp of some 
fruit, but it also contained some very large pieces of white gravel 
forming 20 per cent of the contents. 

Thus it will be seen that the Porto Rican Grackle is quite an 
omnivorous bird, adapted to obtain food in swamps or on dry land, 
in humid or m semi-arid regions. It nests either in high trees or 
in the cat-tails of toe marsh. It is a very adaptable bird, thriving 
under many varied conditions, though showing no special adaptations 
to any one of them. It is scarcely more abundant at the lagoon than 
elsewhere. Although apparently varying its diet occasionally with 
bird’s eggs, and consuming many lizards at times, most of its food 
consists of injurious insects, making it a highly benefical species 
worthy of full protection. 



BIRDS OF OABTAQENA LAGOON 


1GB 


76, AMMODRAMUS 8AVANNARTJM BOR1NQVEN8I8 (Peters). Porto 
Rican Grasshopper Sparrow. GorrvJn. 

This Grasshopper Sparrow is an uncommon resident in the fields 
just north of the marsh proper. The only other place on the Island 
at which I have found this species is in the dry fields near Gu&nica 
Lagoon. In 1924 there were apparently three paint breeding in the 
open-field association at Cartagena Lagoon, although there was only 
one pair in 1922. The males usually sing on the ground, only'on 
rare occasions mounting on weedstalks of slight elevation for this 
purpose. The song does not differ noticeably from that of the North 
American form. The birds appear to nest more or less throughout 
the year. Young on the wing were noted May 13; the young in 
a nest under observation hatched May 27, while specimens which 
appeared to be breeding birds were collected at Cartagena Lagoon 
August 13, 1924, and at Gu&nica Lagoon October 3, 1924. 

The one nest which I found was built entirely of fine grasses, 
and was arched over like the nest of a Meadowlark. It was on the 
ground, largely concealed by a tuft of dry grass. It contained three 
eggs, similar to those of A 8. australis, on May 23, 1924. When the 
nest was approached the incubating bird scooted away from it like 
a>rat running along the ground. The young hatched on May 27. 
Os# May 30 the young had small wing quills and some puffs of 
down and their eyes were open. On .Time 3 the nest had been 
f*rushed and robbed, apparently by that villain the Mongoose. Such 
is doubtless the fate of many a young Grasshopper Sparrow. The 
wonder it that any ground nesting birds are left in a region where 
the Mongoose is so abundant. 

The stomach of the bird collected at Cartagena Lagoon in August 
contained about 50 small beetles amounting to 95 per cent of the 
contents. Ten grass seeds (Chloris paroguaiengis ) formed the rest. 
Animal matter formed 98 per cent of the food of the Gu&nica bird, 
and consisted of 2 slugs (94 per cent); 1 weevil (2 per cent); 1 
small Locustid Grasshopper (1 per cent) and finely comminuted in¬ 
sects (3 per cent). The vegetable matter (2 per cent) consisted of 
3 seeds of Panicum sp. In addition, one large gtpin of sand was * 
found in this stomach. - » 

The Porto Bican Grasshopper* Sparrow does not have a chance 
to become very common, as it prefers old fields, and the land is so 
intensively cultivated in Porto Rico that but few such fields are 
left for it. 
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77. TIABI8 BICOLOB 0MIB8A (Jardine). Owib OtaMqn#. OorriOm. 

The Crib Grassquit is & common resident at Cartagena Lagoon, 
where it inhabits the Varronia, Bamboo and open-fields associations, 
and nests in the first two mentioned. It is primarily a bird of the 
open country, but it needs a certain amount of cover for nesting 
purposes. A few are even found in dense woods. In most parte of 
the Island it is a very abundant species, being perhaps the most 
abundant species on the Island with the exception of Coereba porto- 
rieensis and Holoquiscalus niger brachypterus „ It is found very 
abundantly in the canefields whenever there is cover nearby. The 
birds are not shy. The song is a harsh vibrating zee-e-e-e. They 
sing from exposed perches. The males sometimes spread their wings 
while singing. The call note is a low tsip. Small flocks of young 
may be noted at all times of the year, and the adults breed throughout 
the year. Apparently several broods a year are raised. The nests 
are globular affairs, made of grasses, sometimes with the addition of 
a little paper, and lined with finer grasses. They are quite similar 
to the nests of Coereba portoricensis, but the opening iri%lways at 
the side instead of at the bottom as in those of the latter species. 

The nests are placed in maya plants or shrub or trees at heights 
varying from a few inches to twelve feet from the ground. Usually 
they are well concealed, but occasional nests are found in very ex¬ 
posed positions. One such nest was placed at a height of one and 
a half feet in an orange seedling not over six inches from a much- 
used cement walk in Mayagiitz. The birds paid for their folly by 
having their nest broken up when only two eggs had been laid 
(June 26, 1924). At Cartagena Lagoon the nests are placed in the 
mayas which grow in the Varronia association, or in the trees and 
■shrubs which grow in that and the Bamboo association. The two 
highest nests T found there were one six and a half feet in a Rici- 
nella ricinella tree, with three eggs on July 2, 1924; and one five 
feet in a bamboo with three eggs on October 11, 1924. The usual 
number of eggs laid is three. They are white, heavily spotted with 
red, especially at the larger end. 

Only one stomach of this species was examined, that of a breed¬ 
ing male taken at Cartagena Lagoon. Its legs were badly infected 
with mites. The food consisted entirely of small seeds. In addition 
a feather, probably one of the bird’s own feathers, and a little sand 
(5 per cent of contents) were found. In the field they have been 
observed to eat green leaves, especially those of Hibiscus. Field 
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observations indicate that grass seeds are the main food of thin 
little finch. Large flocks appear when the Guinea Grass and Malo- 
jilio Grass seeds are ripe. 

78. TIASIB OLIVACKA BETASII (Ridgway). Bryant's Grawquit. 

Qorridn. 

t 

Bryant’s Grassquit is a common species, though not nearly as 
common and less generally distributed than Tiaris b. omissa. At 
Cartagena Lagoon it is found rather uncommonly in the Varronia, 
Tachuelo and open-fields associations. It is more strictly a bird of 
the open country than the „Carib Grassquit. It is commoner in the 
eastern than in the western half of the Island. It is found singly 
or in small flocks of three or four individuals. It is a little shyer 
than the other Grassquit, and can seldom be approached as closely. 
The males sing their weak trilling song, somewhat suggestive of a 
grasshopper, from some conspicuous perch. The call note is a faint 
tseep. I have never found their nests at Cartagena Lagoon, but 
believe that a few nest in the Varronia association. A male collected 
while singing there on September 17,1924, had extremely large testes 
indicating breeding. 

•> „These little Grassquits appear to eat seeds almost exclusively. 
Th# one stomach examined from Cartagena Lagoon contained only 
seeds of some grass, possibly Paspalum. In the field they art' ob¬ 
served to eat the seeds of Guinea Grass and other grasses. 

79. LOXIOILLA P0BT0BI0BNBI8 (Daudin). Porto Bican Grosbeak 

Come gandul. 

The Porto Bican Grosbeak probably occurs occasionally in the 
’Varronia association, though 1 have no actual records for the vicin¬ 
ity of the lagoon except upon Tinaja Hill just south of the lagoon. 
It is very common or even abundant in most places in the humid 
part of the Island where there are many trees, but it is so secretive 
in its habits that one seldom realizes how abundant it really is 
except when singing freely. Unlike most birds, it keeps well hidden 
while singing. It has two distinct whistled songs. That most fre¬ 
quently heard is a whip, whip, whip, whip, whee% becoming faint 
at the last syllable, which sometimes takes the form of a faint trill. 
This song has somewhat of a resemblance to the song of the Cardinal. 

The other song is a very emphatic codchi, codchi, codchi, codchi, 
<and is pitched a little higher than the other song. Birds singing this 
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song arc sometimes answered by nearby birds with the ether song. 
The scold note is a low metallic whoent. 

I have never observed an occupied nest of this species, but on 
April 10,1924, near Mayagiies, I found a deserted nest which could 
scarcely belong to any other species. It was a bulky affair built 
mostly of leaves, lined with grass, and placed about ten feet above 
the ground in a tangle of vines in a small patch of second-growth 
woods. 

SO. 8PINDALI8 POBTOBICBN8I8 (Bryant). Porto Rican SpindaUa. 

BMm Mora. Uorota. 

The Spindalis is a rare bird at Cartagena Lagoon, where I have 
found it only in the Varronia association. It is a common species 
m the hills and mountains of Porto Rico, but is rather inconspicuous 
and lives in secludes places so that it is rather infrequently ob¬ 
served closely, although not shy like the Grosbeak. Once 1 saw a 
male in a mangrove swamp near Boquer6n. This species is usually 
seen either in pairs or in small family flocks. The call note is a 
weak but sharp tsheep. The Spindalis has a song, but it ftaso seldom 
uttered that Dr. Wetmore (1916, p. 122) supposed it had no song. 
1 have heard it but once in two years. That was very soon after 
arriving on the Island, so 1 neglected to make notes on the song, 
thinking that I would surely hear it often and be better able to 
record it after becoming better acquainted with it, but the chance 
never came, so I cannot record it accurately. My impression is that 
it was a sprightly song of rather weak notes. 

In the field I have observed a Spindalis picking aphids from the 
under side of the leaf of a Calabash tree ( Crescentia cujeta). When 
fresas (Rubus sp.) were ripe many of these birds came to feed upon 
them. They also eat many wild fruits and seeds. They may oc¬ 
casionally do enough damage to frnit to warrant their destruction, 
but apparently they seldom do much damage to cultivated fruit. 

81. 8PBBMB8TBS CUCULLATV8 GVCVLLATUS (Swainson). Hooded 
Weaver Finch. DiabUto. OorrUfn. 

The Hooded Weaver Finch is a West African species which was 
introduced in Porto Rico many years ago. It is now very generally 
distributed over the lowlands of Porto Rico, though much less common 
in the semiarid southern coastal region. It is quite uncommon at 
Cartagena Lagoon, and all my records are for the Bamboo association. 
At Mayagfiez it is a very common species. Large flocks congregate 
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Where ’Guinea Grass (Panicum maximum) and Malojillo (Panicum 
barbmdde) and other grasses are going to seed, often in association 
with Carib and Bryant’s GrassqUits and Scarlet-cheeked Waybills. 
It apparently has no song, bat a metallic call note with a barring 
quality is often uttered. While feeding these birds keep up an inces¬ 
sant chatter, though occasionally the whole flock will become quiet 
as though at a given signal.' During the greater part of the year 
they are never seen except in flocks, which may be of considerable 
size, but in May and again in October many pairs are seen. On 
May 18, 1924, T observed the beginning of the construction of a 
nest in the top of a Royal Ralm at Mayagiiez. The female was bring¬ 
ing the grass stems and putting them in place while the male looked 
on. The next time I observed this nest (exactly a month later) the 
young were making so much noise in the nest that I should judge 
they were about ready to leave. On July 8 adults were noted feeding 
young not far away. Apparently a second brood is raised in the 
fall, for paired birds are again seen. On October 12, 1924, I ob¬ 
served one carrying grass into a Royal Palm, but on October 19, 
shortly before I left for the States, the nest was not yet half finished 
No birds were collected, hut field observations indicate that grass 
sagds are the principal food, 
f 

82 ESTEILDA MELPOBA MELPOBA (Vieillot). Scarlet-cheeked Waxbill. 

Veterano. Gorridn 

The Scarlet-cheeked Waxbill is another weaver finch which was 
introduced from West Africa many years ago. It has never become 
as widely distributed as the Hooded Weaver Finch, being confined 
to the region from Yaueo to Anasco, but it is very abundant in the 
part of this region from Yauco to Cabo Rojo, which includes Car¬ 
tagena Lagoon. At the lagoon it is most frequently seen in the 
Bamboo, Varronia and open-fields associations, though it is not in¬ 
frequently found feeding in the marsh proper, especially in the cat¬ 
tail and sedge associations. They are very frequently flushed in the 
canefields. They are quick and nervous in their actions. When 
alarmed they have a habit of bunching together £nd calling con¬ 
tinually, though keeping well concealed in the foliage. When flushed 
they fly but a short ways before flropping into cover, calling loudly 
while in flight. Their call is a rather metallic chatter, instantly 
distinguishable from that of any other species on the Island. The 
.males have a rather attractive song, but it is seldom heard. It is a 



110 THE) JOURNAL 01* THB DEPARTMENT OT AOBIOULTUHB 

rollicking twitter, which might be set down as follows: gw9*-tv>mt- 
sweSt-er-er, repeated several tunes in rapid succession. 

Nothing has been recorded of the breeding of this species in 
Porto Rico, and I can find but scant reference to its breeding habits 
in its native home in Africa. Alexander (1902, p. 300) records 
finding nests attached to Elephant Grass in the Gold Coast Colony. 
Bates (1909, p. 52) writing on the birds of Cameroons says he has 
not certainly found the nest, but in speaking of E. atricapilla he 
says he believes that species and some others in the same subfamily 
are communistic, several females laying in the same nest. I had 
previously come to suspect that such was the case with E. melpoda 
in Porto Rico. The birds remain in flocks throughout the year, and 
apparently nest in the Varronia association. Once 1 thought I had 
a nest spotted there, but time prevented a thorough search to locate 
it exactly. When the spot was approached a flock of about eight 
birds, about five of them females, showed much concern. That, to¬ 
gether with the fact that the bird are never seen except in flocks, 
started me thinking. Soon afterwards Mr. Antonio Ramirez, a 
student in the Agricultural College at Mayagiiez, and a very accurate 
observer, told me that he has observed the nesting of this species 
many times near his home in Cabo Rojo. He says that they build 
nests in the bases of clumps of Yerba de Guinea (Panieum Maximum) 
and Yerba de Burro (Elephmtropus spicatus), the nests appearing 
like a wad of grass, and that all tbe females in a flock lay in the 
same nest. He says that he has found as many as twenty eggs in 
one nest, and that they are plain white and quite round. I am now 
quite firmly convinced of the communistic habits of this species. 

These little Waxbills are often observed feeding on the seeds of 
Guinea Grass and other grasses, sometimes in company with Sper- 
»nestes oucullata, but when flushed each species flies off in a flock by 
itself. But this species apparently does not confine its diet to grass 
seeds as S. cucullata does, for it is more often seen feeding on other 
weed seeds. However, the seeds of Malojillo {Panieum barbinode ) 
formed 98.3 per cent of the food in the stomachs of three birds 
taken at Cartagena Lagoon in March, September and October, and 
the rest were some small red unidentified seeds. In addition to the 
seeds the stomachs contained sand to the extent of 25 per cent of 
the total contents. Thus it is seen that it is a species of little 
economic importance, though flocks feeding in cultivated fields doubt¬ 
less devour many noxious weed seeds. 
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«. PMOGNB D0MINIGBNB18 (Gmelin). Caribbean Martin. (Mondrian 

do Igletiat. 

# 

The Caribbean Martin is one of the two species which are defi¬ 
nitely known to breed in Porto Rico but winter farther to the South. 
It ie a regular and tolerably common summer resident in the vicinity 
of Cartagena Lagoon, the first spring records being January 6, 1922 
(an exceptionally early date) and February 19, 1924. My latest fall 
record is September 3,1924, at the lagoon (September 9 at Mayagiiez). 
The Martins feed to a large extent over all parte of the marsh, but 
especially over the open water, and nest in some houses at some 
distance from the lagoon. During heavy showers I have observed 
these birds perched upon a'leafless tree near the edge of the lagoon. 
At Mayagiiez a small colony nests in the ruins of the old courthouse, 
abandoned after the earthquake of 1918. A few nest in the venti¬ 
lator holes over the door of a small store on Santiago Veve Street, 
and a few apparently nest in the belfry of the Catholic Padres' 
House. Near Quetiradillas I found a pair occupying a hole in a 
partially decayed cocoanut palm in April 1922. There is no ap¬ 
parent reason why this species should not become more abundant 
if if were supplied with nest boxes and martin houses similar to 
those used for P. suits in the States. 

» 

^4. PETSOCHELIDON FULVA POKC1LOMA (Gosse). Jamaican Cliff 
Swallow. Golondrlna da Ottawa. 

The Jamaican Cliff Swallow is a common resident in the vicinity 
of Cartagena Lagoon, much scarcer in winter than at other times 
of the year. It feeds extensively over all the marsh associations. 
It is particularly fond of skimming low over the Persiearias, ap¬ 
parently feeding upon some of the thousand of moths and other 
insects which fly up when disturbed by a cow or other animal 
passing through them. In September tremendous flocks, consisting 
largely of young birds, appear. They alight on the telephone wires 
near the railroads, and small detachments at a time take feeding trips 
over the marsh. None of these swallows nest very near the lagoon, 
as there are no suitable nesting sites for them. They usually nest 
on overhung cliffs or in caves. On April 15, 1922, I had the op¬ 
portunity of observing a nesting colony of about -500 pairs on the 
face of an inaccessible limestone* cliff near Quebradillas. It was 
impossible to examine the nests closely, but by the actions of the 
lards I judged that some at least already had young. In August 
and September large flocks, often containing from 1,000 to 2,000 
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bjrds, mainly immature, may be observed on tfce 
localities in the western end of the Island. They feed mintf 
‘fields much of the time. t < i 

These birds have a twittering song in addition to their ordinary 

soft call notes. 

The stomachs of three birds collected at Cartagena Xmgoon 
Aug us t 13, 1924, were examined. Animal matter formed 100 per 
cent of the contents. Engraver beetles (XyUborus sp.), formed 2.6 
per cent; fleabeetles ( Phyllotreta guatenuUensis) , 1.6 per eent; 
other Coleopterous fragments, 44.2 per cent; wasps ( Polistes eri- 
tutus) 13.3 per eent; ants (small, red-legged species), 3.3 per cent; 
mosquitoes ( Culcx sp.), 1.6 per eent. The rest of the insects were 
insects comminuted beyond identification. 

SB. H1RVNVO RUSTICA ERYTHROGASTER (Boddaert) Bbtd Swallow. 

Golondtina. 

The Barn Swallow is a spring and fall migrant at Cartagena 
Lagoon, commoner in the fall than in the spring. Migration dates 
obtained arc: May 4 to 14, 1922; March 1 to May 23,^24; and 
August 26 to September 30, 1924. Cartagena and Anegado Lagoons 
are the only places in Porto Rico at which I have observed this 
swallow. On August 26, 1924, about 100 of them suddenly appeared. 
Their numbers kept steadily diminishing until on September 30 but 
three were seen, and after that none. They spend most of their time 
skimming over all the marsh associations, especially the open water. 
Occasionally they alight on tfye wire fence which crosses the lagoon. 
More than half of those seen* in the fall are in immature plumage. 
Three were collected on August 26, 1924. Their stomachs contained 
exclusively animal matter. Engraver beetles ( Xyleborvs sp.) were 
found in all three stomachs and constituted 60 per cent of the 
contents. Other items identified were damselflies (5.3 per cent), 
deerfly (Chrysops vittatus), 0.66 per cent; Syrphid fly, 1 per cent; 
Fulgondte, 1 per cent; Pentatomid, 1.6 per cent. The indications 
are that this is a very useful species, as would be expected of a 
member of this highly insectivorous family. While passing through 
Porto Rico it appears to be restricted to the marshes. 

86. BIPABIA BIPABIA RIP ARIA (Linnaeus). Bank Swallow. GoUmdnna. 

The Bank Swallow is a tolerably common spring migrant at 
Cartagena Lagoon, and 1 have also seen it at Anegado Lagoon. 
Migration dates obtained are March 4 (Anegado Lagoon) to April 8, 
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Lagoon) 5 and February 19 to April 80, 1984, at 
Certkgehb Lagoon. It feeds exclusively over the marsh, and almost 
exclusively over the open water, either alone or associated with 
other swallows. Occasionally these birds light on the wire fence 
which crosses the lagoon. They occasionally utter a rather harsh, 
gurgling rattling sound, like pebbles rolling together. No stomachs 
were examined, but the food probably does not differ materially from 
that of the other swallows. 

87. VIBVOBYLVA CAL1DB1S CALIDBI8 (Linnaeus). Jamaican Vireo. 

Jvlidn ehivi. 

The Jamaican Vireo is one of the two species known to breed in 
Porto Rico and winter further South. It is a tolerably common 
summer resident at Cartagena Lagoon, being found in the Varronia 
and Bamboo assokaations. It arrives later at Cartagena Lagoon 
than in the more humid regions. Tn 1924 I noted the first birds at 
the lagoon on March 17, while they had been common at Mayagiiez: 
since February 14. They are such constant singers that it is not 
easy to overlook them. My latest fall record is August 23, 1924, 
at the lagoon, and September 8 at Mayagiiez. Tn appearance they 
are very similar to the Red-eyed Vireo. The song is also quite 
simi^r but more hesitating, louder and more emphatic. It seems 
as though the birds say John to whit; sweet John to whit; John to 
whitf sweet John; John to whit. The birds repeat this with such 
unvarying monotony from morning to night that where they are 
common one becomes tired of hearing about “John to whit” all day 
long, and after the day is over finds himself still doing things to 
the tune of “John to whit”, uttered silently to himself. To one 
continental American living at Mayagiiez this Vireo seems to say 
“Think you’re pretty!” It is almost the only species that sings 
through the noonday heat of the tropical day. In addition to its 
song, it has a nasal whee, a complaining call note. 

The only nest I have observed was found in the Bamboo associa¬ 
tion at Cartagena Lagoon. It was pensile, compactly constructed of 
Bamboo leaves and lined with fine grasses. It was placed in a 
horizontal crotch of a small Andiva ineuris tree at a^ height of jseven 
feet above the then dry bed of the % quehrada. When found on July 
2,1924, it contained three eggs. They were white with a few red spots 
and blotches at the larger end, and measured 21 X 35 millimeters 
(.81 X 56 inches). The incubating bird did not leave the nest until 
almost touched, and then stayed near uttering occasional complaining 
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notes. Circumstances prevented me from continuing Obeervatajus 
cl this nest. 

Two birds were collected at the lagoon in April, 1934. The 
foot of one were very much deformed by a severe attack of mites. 
The stomachs of these birds contained 12.5 per cent of anim al matter 
and 87.5 per cent of vegetable matter. Fifty-one per cent of the 
animal matter consisted of beetle fragments, and a smooth. Lepi- 
dopterous caterpillar formed the other 49 per cent. The vegetable 
matter consisted of fruits and seeds probably, of Varronia angusti- 
folia. 

68. VIBBO LATIUEBI (Baird). Latimer’s Vino. Btm te veo. 

Latimer's Vireo is a resident species peculiar to Porto Rieo. It 
is an extremely rare bird in the vicinity of Cartagena Lagoon, my 
only records being from Tinaja Hill, though I have but little doubt 
that it is occasionally found in the Varronias. It is quite common 
in the brushy growth at Anegado Lagoon, and also in the brushy 
growth on the limestone hills at Ensenada and near Cape Rojo 
Lighthouse, and I have also observed it near the road wkween Are- 
cibo and Utuado. It has a sharply accented Vireo-like song which 
gives it its local name of Bien-te-veo (not Julian chivi, as given in 
other published accounts, in which the local names of this species 
and of V. c. calidris are twisted), but this song is heard less fre¬ 
quently than another song which is quite unlike that of any other 
Virfo 1 have heard. It iR a rather feeble warbler-like trill, on® 
might almost say insect-like. A third song whieh is also very sug¬ 
gestive of a warbler is sometimes heard. It is a wert, wert, we4t, 
wit uttered in tones not very different from those of Adelaide’s 
Warbler, but more vigorous and louder. A bird whieh I collected 
singing this song proved to be a female. 

A nest which could hardly have belonged to any other species 
was found April 25, 1924, on a limestone hill at Ensenada. It was 
a typical pensile Vireo nest, but it was made of dead leaves mixed 
with plant fibers and lined with fine plant fibers. It did not yet 
contain any eggs. It was placed in vines climbing on a brushy tree 
at a height of five feet from the ground. 

The contents of two stomachs were examined. A female col¬ 
lected at Anegado Lagoon March 29, 1924, had eaten 60 per cent of 
animal matter (a cockroach ootheca and a logieom beetle) and 40 
per cent of vegetable matter (a wild berry with a large flat seed). 
A male collected at Ensenada April 25, 1924, had eaten 78 per 
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cent of animal matter (a weevil, some other beetles and a little 
comminuted insect matter) and 28 per cent of vegetable matter 
(seeds of a pulpy fruit). 

This is a species of regions of brushy growth in the semiarid 
sooth coastal region, and is found locally to some extent in other 
places. 

80. COSSSBA P0BX0SICENBI8 (Bryant). Porto Rican Honey Creeper or 

Basanaquit. BetnUa. 

t 

The Porto Bican Honey Creeper is the most abundant and tup* 
versSlly distributed bird in Porto Rico, being found everywhere 
that trees or brush grow, from the mangroves of the sea to the tops 
of the highest mountains. However, it is about as scarce at Car* 
tagena Lagoon as at any place I have been; in fact it can hardly 
be said to be common at all there, though I have quite often seen 
it in the Varronia and Bamboo associations, and it undoubtedly 
bleeds there in small numbers. It flits among the trees in a very 
quick and active fashion. It is very tame and often enters houses 
in search of sweets and other food. It is the latest bird to awaken 
and become active in the morning. The song is a rather harsh 
insect-like trill suggesting the syllables zee-e-e-eswees-stee, the first 
pfrt being pitched higher. 

( These birds nest during every month of the year. At Mayagiiez 
I found more nests of this species than of all other species put 
together. They are globular structures placed at the tips of the 
twigB of trees from 6 to 35 feet above the ground, and are built of 
leaves and grasses, lined with fine grasses. They may always be 
distinguished from nests of the Carib Qrassquit by the fact tbat 
materials other than grasses are used in their construction, and the 
opening is always at the bottom. Their high position in the tree 
usually serves to distinguish them also Both sexes assist in nest 
building. From two to three eggs are laid. Empty neats are used 
as deeping quarters. Apparently this species has.the same habit 
of building dummy nests as the Marsh Wren, and the nests of these 
two birds are also quite similar in appearance, ^bout one oat of* 
twenty Honey Creeper nests found are occupied. On several oc¬ 
casions I have watched Honey Creepers build nests and then start 
tearing them to pieces when hardly completed, using the materials 
for new nests. Several broods a year are raised, and the young 
begin breeding while still in the juvenile plumage (less thaw a 
year dd). 
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Field observations show that the Honey Creeper is very food 
of nectar. It frequents blossoming trees of almost any kind, and 
is particularly fond of the blossoms of the Rangoon Creeper and 
of the Bueares (Krythrina spp.). I have several times watched 
these birds sucking the juice of unripe oranges, but in at least one 
case the hole through the skin was originally made by a Porto Rican 
Crackle (Holoquiscalug niger brachypterus). Honey Creepers are 
very fond of sweets, and will enter houses to obtain sugar or honey. 
One pair visited a small store in Mayagiiez many times a day to 
feed on the partly refined yellow sugar whibh was exposed for 
sale in an open bin. The stomach is very small, appearing nothing 
more than a slight swelling at the junction of the esophagus and 
intestine. It would thus appear that nectar might form a large 
proportion of the food, as it probably does, but many insects are 
also eaten. One of three birds collected at Mayagiiez in December, 
1923, had eaten eight Curculio larva 1 , which formed 100 per cent 
of its stomach contents. The second stomach contained nothing 
but a fragment of white egg shell, while the third contained 1 Blue¬ 
bottle fly, 45 per cent; 4 beetles (Platypus sp.), 45 percent; and 
r. little miscellaneous insect matter, 10 per cent. 

Boys who wantonly destroy any eggs they can get hold of are 
perhaps the worst enemy of this species. 

SO. MN10 TILT A VASIA (Linnaeus). Black and White Warbler. Seintta. 

The Black and White Warbler is a winter visitant, common in 
the wooded regions of Portd Rico, but rather scarce at Cartagena 
Lagoon,' where it is found only in the Bamboo association. I have 
found it there Only in December. At Mayagiiez it is a rather common 
species. My first fall record is October 12, 1924, and my latest 
spring records April 29, 1922, and April 21, 1924. It is frequently 
found in the coffee fineas. It often sings for awhile after its arrival 
in the fall. On October 13, 1924, a bird was singing all day in a 
small patch of coffee, and I have heard one sing as late as December 
19, 1923. One observed in February was continually making sharp 
with scold notes as it gleaned among the twigs of a large tree. 

91. COMPBOTELTPIS AMEBICANA V8NEAE (Brewster) Northern Parula 

Warbler. BeinUa. 

The Northern Parula Warbler is the most abundant of the mi¬ 
grant warblers in Porto Rico. It is common at Cartagena Lagoon, 
occurring in the Yarronia, Tachuelo and Bamboo associations ex- 
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elusively. At Mayagiiez it is on abundant species. At Cartagena 
Lagoon my latest spring record is May 2, 1924; corresponding 
records losr Mayagtie* are April 15, 1922, and April 22, 1924, and 
the earliest arrival date I have is September 29,1924. After March 
22, 1924, it was singing regularly until its departure for the north. 
Birds collected in the spring were extremely fat, and their sexual 
organs had become quite enlarged. It is common in the Varronias. 
Frequently around twenty could be counted in a short time there. 

Three birds collected at Cartagena Lagoon in April and May had 
eaten 93.3 per cent of animal matter and 6.7 per cent of vegetable 
matter. The following items were included in the animal matter: 
Dragonfly naiad, 2.6 per dent; Fleabeetle (System basdUa), 1.7 per 
cent; other fleabeetles, 2 per cent; Seebas weevils (Tyloderma sp.), 
1.7 per cent; spiders,'1.6 per cent. The vegetable matter consisted 
of berries of Vorroma a/nguttifoKa and an unidentified seed. Two 
birds collected at $layagiies in December bad eaten exclusively animal 
matter. Large moth eggs were eaten by both birds, and formed 25 
per cent of the contents. Fleabetlea (Epitrix parwia) constituted 
5 per cent, and other Ooleoptera 80 per emit. 

92 DENBBOICA TIOE1NA (Gindin). Cape May Warbler. Bewtta. 

y ^ The Cape May Warbler is a very rare winter visitant in Porto 
loco and at Cartagena Lagoon, where 1 saw one in the Bamboo 
association April 8, 1922. My only other Porto Bican records for 
this species are one at Mayagiiez on February 19, 1922 and one on 
March 17. 1922. 

93 DENVBOICA PETECHIA BABTHOLOMICA (Sunrlevall). Porto Mean 
Golden Warbler. Cmarw. Canano HO lot man glares Bnmta. 

The Porto Riean Qolden Warbler is a rather common permanent 
resident at Cartagena Lagoon, where it inhabits all the plant as¬ 
sociations except the grass, open fields and open water habitats, hut 
particularly the cat-tails and Varronias. It also nests in all these 
associations at least occasionally. In other parts bf the Island I 
have found it chiefly in the mangrove swamps, of which it is a 
characteristic bird. On January 4, 1924, I observed one beside a* 
small stream at Patillas, and it is said by the country people to 
appear at other inland points points of low elevation, and in sueh 
case* to nest in the Gu&niea {Guaewna vJmifolia). 

The males sing from February to September to some extent, 
and almost constantly during the spring months. In 1922 I beard 
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the first song on February 26, and in 1924 on Febttutty 2. fh4 
song is quite similar to that of D. aetttoa. The call note is a sharp 
cfcip. A faint tsheep is also heard at tinea. 

The nesting season at Cartagena Lagoon is from April to July or 
possibly August. The nests are compact cup-ahaped affairs, rather 
aimilar in appearance to those of D. asstiva. The materials used in 
their construction vary considerably. Usually they are built of 
grasses with the addition of cat-tail down, and sometimes of roots 
and other plant fibers. In other nests shredded cat-tail leaves are 
used instead of grass. Every nest found in thq marsh proper had 
many silly spider-egg coverings worked into the outside of the 
nest. The nests are lined with cat-tail down, and in two oases 
after the eggs were laid a few Coot feathers were added. The 
dimensions of a typical nest are: outside •diameter, 2.60 inches; 
inside diameter, 1.65 inches; inside depth, 1.4 inehes; outside depth, 
2.55 indies. Nests were found placed in the Cat-tails, Pluokeas, 
Persicariaa and Bamboos at heights varying from 4 inches to 6 
feet above the ground, and I am told that in large trees they often 
nest at considerably greater heights. The number of egggi was in¬ 
variably three in all the nests found. They are greenish-white, 
thickly speckled with rufous. 

A nest in the 18-foot high cat-tails at the west end of the lagoon 
was observed with particular care. It was placed at a height of 4 
feet above the water, which was 1 foot deep at that point, and a 
person walking there would sink an additional foot into the mud. 
The nest was placed where two bent cat-tail leaves crave it support 
beneath in -addition to the support of the upright stems at the sides. 
It was made of fine fibers shredded from cat-tail leaves mixed with 
cat-tail down and the customary silky spider egg coverings. When 
I first discovered the nest on May 16,1924, it was still in the process 
of construction, though nearly completed. The female was doing 
all the work while the male sang about 100 feet away. She was 
very tame and proceeded with her work while I stood but six feet 
away. After bringing a billful of material she would place it in 
the nest and then jump in and turn around to keep the dupe right. 
She was very silent while at her work. When 1 went right to the 
nest to examine it closely die hopped around nervously within from 
two to. four feet of me, but made no sound nor other attempt to drive 
me away. On May 20 the nest was completely finished and lined 
with cat-tail down, and contained one egg. While I was examining 
the nest the female was right beside me, with her mouth open, 
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4 ‘panting” from the noonday host, which, was very intense among 
the tail cat-tails, there being no breeze to moderate it. On May 28 
the neat contained three eggs, and some Coot feathers had been added 
to the lining. The female had also begun incubating. On succes¬ 
sive dates after that she became even tamer. I photographed her 
on the nest under great difficulty, due to the depth of the mud 
and the difficulty of obtaining sufficient light among such very tall 
cat-tails. June 3 was the last day on which 1 saw the female at 
the nest. June 7 she was nowhere to be seen and the eggs were 
odd. I fear that some accident befell her. I never saw the male 
nearer than 100 feet to the nest at any time. On June 14 something 
had broken two of the three <eggs which 1 had left in the nest in the 
vain hope that the female might return or that the male might take 
charge of them. They contained rotten embryos. Something also 
happened to all the other nests discovered, so I had no opportunity 
of observing the young. 

The worst enemifeg of this species appear to be eggers, who, while 
searching the marsh for larger eggs, destroy any small birds’ eggs 
they come across. 

The stomachs of two birds collected at Cartagena Lagoon in 
March and April and of one collected near Cape Rojo Lighthouse in 
April were examined. All of them contained exclusively animal 
master. Items identified in the food of the Cartagena birds ware: 
5 ladybirds (Byperaspit apicalis), 37.5 per cent; 1 large fleabeetle 
(Ealtica jamaicensis ), 2.5 per cent; 1 green Chrysamelid, 2.5 per 
cent; other Coleopterous fragments, 30 per cent; 6 ant pupee, 1.5 
per cent; 5 ants (Prenolepsis sp), 7.5 per cent; 1 Muscid fly, 2.$ 
per cent; 2 small Dipterous pupae, 2.5 per cent. The Cape Rojo 
bird had eaten a large Notonectid, 90 per cent; and a small weevil, 
1 per cent. The balance of the food in all the birds consisted of 
insects comminuted beyond identification. 

Like most of the members of its family, this species appears to 
be in the main useful. It is a bird of both salt and fresh water 
swamps, though found to some extent at other places^ in the coastal 
lowlands. It is not specialized for marsh life, but seems to prefer 
the shelter offered by the marshes for breeding purposes, and the 
abundance of food there is also an attraction. 

M. DENDEOICA ADELAIDAS (Baird). Adelaida's Warbler. Srtntta. 

Adelaide’s Warbler is the other warbler indigenous to Porto Rico. 

( It is a characteristic species of the dry, brushy regions on the south 
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Ride of the Island and of the limestone hills. At Cartagena Lagoon 
it is found only in the Varronia association, where it is quite common, 
though I have not located any nests there. I have observed it all 
along the south coast from Ponce to Boquerdn, and in the limestone 
hills near Quebradillas on the north side. It is very aetive and 
feeds where the vegetation is dense. For that reason it is quite hard 
to observe, although it is not shy. The song of the male is a sudden 
trill or series of trills, increasing in rapidity, and with a rising 
inflection at the end. It might be likened to the syllables Chip-prr- 
rr-rr-rr-chip-chi. The males are very persistent singers, frequently 
being heard even in the middle of the day. 

Apparently the birds nest in May. The only nest I found was 
on the very summit of Tinaja Hill. It was completed but did not 
yet contain eggs on May 6, 1924. It was built entirely of fine grass, 
and was placed about three feet above the ground in the croth of an 
organ-pipe cactus. 

Two birds were collected at Cartagena Lagoon in May and Sep¬ 
tember, and one at GuAniea Lagoon in October. All three had 
eaten nothing hut insects. Smooth Lepidopterous larvm^hnt pupa*, 
and a Pentatomid bug were noted in the Cartagena birds; and 6 
Cicadellida*; 1 Scarabeid beetle (Ataeniug stercoral or), and 1 

Chrysomelid (Lenta sp.) in the Gu&nica bird. 

5*5. DBNDBOICA COBONATA (Linnaeus). Myrtle Warbler. Betnita. 

The Myrtle Warbler is an uncommon migrant and a rare winter 
Visitant at Cartagena Lagoon. It is very rare during the winter, 
And only slightly more .common from February to April. It is a 
late arrival, nqne being noted lief ore December 14, 1923, and my 
latest spring records are April 8, 1922, and April 1, 1924. While 
at Cartagena Lagoon it is found only in the Varronia Association. 
All my records for this species from other parts of the Island are 
from dry brushy regions, with the exception of one bird noted in 
a eanefield near Mayagiiez on March 17, 1924. The partiality of 
this species for dry brushy areas while on the Island is noteworthy. 

96. mmmiOICA MAGNOLIA (Wil*on). Magnolia Warbler. Keinita. 

The Magnolia Warbler is a rare winter visitant in Porto Rico. 
The only Cartagena Lagoon record 1 have is of a bird seen in the 
Bamlioo Association on November 30, 1923. At Mayagiiez I have 
records of a bird seen March 25, 26, 27, 28 and April 3, 1922, and 
of one on December 3, 1923. 
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M. VENDBOICA DISCOLOB (Vielllot). Prairie Warbler Bemta. 

The Prairie Warbler is a rather common migrant at Cartagena 
I<agoon, occurring only in the Varronia association. Spring dates 
are February 6 to April 4, 1924, although in 1922 birds were seen 
as late as April 22. In 3924 the first fall birds arrived September 
20. A few birds stay all winter in parts of Porto Eico, as I have 
noted them at Mayagiiez right through the winter, and also one 
near TTtuado on January 1, 1924. Near Mayagiiez they are found 
mostly in the brushy growth just back of the beach, although they 
are found to some extent in the coiffce fincas. 

Two males collected at Cartagena Lagoon March 21 and April 
4, 1924, were extremely fat. They had eaten 98 per cent of animal 
matter, among which were 1 Fulgorid, 2 deerflies (Chrysops vittatus ), 

1 Pentatomid bug, 1 small moth, and some beetle fragments (the 
latter forming 45 per cent of the stomachs’ contents) were noted. A 
little white pithy matter totalling 2 per cent was found in one 
stomach, which was the only vegetable matter. 

98. 8E1VBU8 AVBOCAP1LLVS (Linnaeus). Oven-bird. Pupxta. 

Piepita dorado. 

<*The Oven-bird is a very rare migrant at Cartagena Lagoon, my 
only record being a bird observed April 18, 1924, in the Bamboo 
association. At Mayagiiez it is a common winter visitant. It is 
found most commonly in the coffee fincas. In 1922 a pair spent 
the last part of the winter in our back dooryard. It was well 
shaded by orange and banana trees. The Oven-birds picked up 
scraps of food that were thrown to the chickens and became very 
tame They were not seen after April 20. In 1924 none were 
seen after April 10, and the first fall birds were noted on September 
24. The familiar call note heard in the North is heard only when 
they first arrive in the fall. They are very silent during most of 
the time spent on the Island. 

A male collected at Mayagiiez December 21, 1923, had eaten 18, 
per cent qf animal matter and 72 per cent of vegetable matter. A 
weevil and some other comminuted insects constituted the animal 
part, and some Guinea Grass (Panicum maximum) seeds and a 
little rubbish formed the vegetable part. Gravel to the extent of 
15 per cent of the stomach contents was also eaten. 
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W. SEimtVB NOVABQBAGBVB1B XOVASOMACBNBIB (Ob^Ob). Norther* 
Water-thnufo. Piopit*. PiopUa fa lot «M*0l«e*. 

The Northern Water-thrush is a common winter visitant at Car* 
t&gena Lagoon, bat is commoner daring the spring and fall migra¬ 
tions My firtit fail record is September 3,1924, and my latest spring 
record April 80, 1924. These birds are most co mmo n ly seen in the 
narrow atrip of Persicarias fringing the rather steep sooth shore 
of the lagoon, frequently spreading oat into the Yerronias. They 
are also common along the quebrada in the Bamboo association and 
in the Tachuelo association, and they occasionally occur in other 
parts of the marsh. In other parts of the Island I have found 
this species in the mangroves swamps near Boquerdn and Cape Bojo 
Lighthouse, and also on the seabeach near tbe latter place where 
there was a little scrubby vegetation. Their characteristic call notes 
are constantly uttered, but I have not heard their song in Porto 
Rico. 

Poor specimens were collected at Cartagena Lagoon (April 4, 8 
and 11 and September 23, 1924) and one on the beach at Cape 
Bojo, near the lighthouse, on April *27, 1924. All but ague of the 
April birds were extremely fat. The Cartagena birds had eaten 
95 per cent of animal matter and 5 per cent of vegetable matter. 
Identified items in the vegetable matter were: 3 damselflies, 10 per 
cent; 20 large fleabeetles (. Ealtica jatnaicetuis) , 19 per eent; 2 
fleabeetles (System basaUs), 13 per cent; Carabid beetles (Stgnout 
sp.), 26.2 per cent; pupa of a Sesban weevil ( Tyloderma sp.), 1.2 
per cent; other Coleopterous fragments 5 per cent; 2 Noctuid 
caterpillars, 5 per cent; 1 Syrphid fly ( Volucetia obesa ), 2 per eent; 
3 caseworms ( Tineola utereUa), 6.1 per cent; 1 slug, 2.5 per eent. 
The vegetable matter (5 per cent) consisted of a few seeds, among 
which was one of some plant of the Composite family, probably 
Pluckea purpurascens. The stomach of the Cape Bojo bird was 
empty except for a small fragment of some beetle. 

It thus appears that this species eats slightly more injurions 
than beneficial species, although Carabidse form quite a large per¬ 
centage of its food. 

. ' 

100. 8EIOBU8 MOTACILLA (Viedlot). Water-thrush. Pfgptta. 

Pitpita fa lot monglare*. 

The Louisiana Water-thrush is a winter resident at Cartagena 
Lagoon, though much less common than S. n. novaboracensis. It is 
more common by the swiftly flowing streams than in other parts 
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the Inland, although it is sometimes seen in the coastal mangrove 
ewamps. While at Cartagena Lagoon it is found in the same regions 
as the Northern species. Last spring dates are April 10, 1924, 
and April 22, 1922, and my first fall record is September 6, 1924. 
No specimens were collected, so 1 can say nothing at first hand about 
the food habits of this species. 

101. GBOTELTPIB TBICEAB BBACEIDACTYLA (Swaton). Northern 
TcOowtbroat BtMta, 

The only definite record for Porto Bico that I know of for the 
Northern Yellowthroat is of a male that I observed in the Bamboo 
association at Cartagena lagoon on April 18, 1924. It was in a 
pile of bamboo brush near a pool of water. After I had observed it 
a few seconds it disappeared in the brush. I was hurrying to catch 
the only train of the day else I would have stopped to collect it. 
This record appears in the October, 1925, Auk. 

108. 8BTOPEAGA BVTICILLA (Lfaraaeus). Bedatart. BeMta. Candelita. 

The Redstart is only a migrant at Cartagena Lagoon, though it 
is a winter resident in other parts of the Island. At the lagoon it 
is found only in the Bamboo association, where it ia fairly common 
at, times. I have records there from October 7 (1924) to December 
22^(1923) ; and from April 1 to 22 (1924). At Mayagfiez it is 
found all winter. My latest spring record for the Island is April 
26, 1924, near Cape Rojo lighthouse. In April a few Redstarts 
are singing. 

The only bird collected at Cartagena Lagoon was a male on 
April 18, 1924. Its stomach contained animal matter exclusively. 
Small beetles formed 90 per cent, a weevil 1 per cent, a small ant 
2 per cent, and some much-comminuted insect fragments 7 per cent. 

108. EIUUB POLTGLOTTOB OBPEBUB (Lhmaena). Jamaican 
Mockingbird. BuUtBor. 

The Mockingbird is a common resident species at Cartagena 
Lagoon, living in the Varronia and Tachuelo associations, and some¬ 
times feeding in the open-fields association. It is also common 
throughout the lowlands of Porto Rico, and in open places at higher 
elevations. It is most abundant*, on the south coast, seeming to 
prefer a semiarid climate, where it is most often found in brushy 
places. It is quite shy, and it is seldom possible to approach It 
very closely. The males sing from the tops of low trees, but they 
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quickly hop out of sight when they realise they are watched, they 
sing throughout the year with the exception of the months of July 
and August. A female collected in August was molting badly. 
These birds $re very poor mockers, in fact only once have I heard 
one imitate any other bird. One heard at Mayagfiez on December 
27, 1923, imitated an Ani very cleverly. There is much individual 
variation in the songs of this species. One bird which sang constantly 
near a hut in the hills between Mayagiiez and Anaseo in which I 
spent two months had a very distinctive song which might be likened 
to the syllables Pea acre, pea acre, pea, pea, pea. The call note is 
a sharp tzeck. 

Apparently the nesting season extends from February to June. 
The nests are large affairs built of sticks and lined with grasses and 
other fine materials, placed in shrubs or shrubby trees at heights 
of eight to fifteen feet above the ground. Young birds are frequently 
noted in the summer months. 

Two birds were collected at Cartagena Lagoon (August 13 and 
September .‘10, 1924). Animal matter formed 64.5 per«gant of the 
food in these stomachs, and vegetable matter 35.5 per cent. Animal 
matter found consisted of 2 Geometrid caterpillars, 15 per cent; 1 
Sphingid caterpillar, 15.5 per cent; 1 Noctuid caterpillar, 7.5 per 
cent; and 5 butterfly caterpillars, 49.5 per cent, making a total for 
Lepidopterous larvae of 84.5 per cent of the animal matter. The 
other 15.5 per cent was formed by 2 slugs (15 per cent) and frag¬ 
ments of a tumble beetle (0.5 per cent). The vegetable matter 
consisted of 13 fruits of Cordia sp., 50 per cent, and some unidenti¬ 
fied seeds. Jn the field 1 have observed one eating fresas (Rubutt sp). 

104. MAS6ASOP8 FU8CAXUS FUSOATU8 (Vieillot). Pearly-eyed 
Thrasher. Zonal. Zonal panto. 

The Pearly-eyed Thrasher is an uncommon resident in the 
vicinity of Cartagena Lagoon. It is fairly common on Tinaja Hill, 
but at the lagoon is found only rather irregularly in the Bamboo 
association. It is quite similar to Mimocichia in form, though more 
robust and with larger feet. In flight it bears a slight resemblance 
to a pigeon, and the white tips of the tail feathers show conspic¬ 
uously. While singing it remains concealed by the foliage. The 
Song is very varied, but many of the notes are quite similar to those 
of Mimocichia. This species is found rather commonly in semiarid 
brushy regions along the south coast, where I have observed it from 
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Ensenada to Cape Rojo Lighthouse. I have also heard one several 
times on a bill near Mayagfiea. 

A male collected at Cartagena Lagoon on September 30. 1924, 
was molting badly. It had eaten 40 per cent of animal matter and 
60 per cent of vegetable matter. The animal matter consisted of 
fragments of a large brown and green Cerambycid beetle, 60 per 
cent, and a smooth caterpillar, 40 per cent The vegetable matter* 
consisted of fruit pulp. 

105. MfMOCWELA ABDOSIAGEA FOBTOBICENSIS (Bryant). Porto 
Bican Thrash. Zonal. Zonal de patas Colorado*. 

The Porto Rican Thrush 'is a rare resident at Cartagena Ijagoon, 
being found in the Bamboo association. Once I observed a bird in 
the Varronias. In the more wooded parts of the Island this is a 
common species. It feeds almost exclusively upon the ground, but 
when alarmed flies qp into the trees, and it also perches in trees to 
sing, and the nests are placed in trees. Rustling sounds in the 
leaves are frequently found to have been produced by the scratching 
of a Zorzal, for in Porto Rico it takes the place of the Towhees and 
White-throats of the North. 

These Thrushes begin singing at the first streak of dawn and 
sirih until about 7 a. m. Their song is quite similar to that of the 
RoMn, but is less varied and the tones are not so rich. The notes 
are also more disconnected. In other words, it sounds like a crude 
imitation of a Robin’s song. Another note heard at times is a 
wicky, wicky, tricky, wicker sound similar to that made by the 
Sparrow Hawk. 

Birds were olmerved gathering nest material as early as January 
23, 1924, and many were seen carrying it in February and March. 
Badly molting birds, some without tail feathers, were noted in 
June, while a female collected in September appeared to be nearly 
ready to breed, so there is a possibility that some birds raise a 
second brood. The only nest I actually observed was found on 
March 30, 1924, at Mayagiiez. It was composed of shreds of bark, 
fine twigs, a small piece of partly rotted burlap, some string, pieces 
of fern leaf, and three feathers of domestic poultry. It was lined 
with shredded inner bark. It was placed among some upright Shoots 
growing from a branch of a Guanibano tree (Anona muricata) at 
a height of nine feet from the ground. Some AUamanda tendersonii 
vines also partly concealed the nest. It was somewhat oval in shape. 
The inside diameters of the nest were 4.5 and 8 inches, and the 
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outside ones 6 and 4 Indus. When the nest ms discovered the 
female was just laying the first egg. She never returned to ley 
another egg, so after some time 1 collected the one egg. It has 4 
putty-colored background, and is heavily and evenly mottled With 
rufous-brown, and is decidedly pointed at one end. Its measurements 
are 88 X 22 millimeters. 

A female collected in a coffee finea near Mayagtiez September 25, 
1924, bad eaten 85 per cent of animal matter and 15 per cent of 
vegetable matter. A large Tenebrionid beetle formed 85 per cent 
of the animal matter, and 6 white grubs (Phyllophaga vandinei) 
60 per cent The vegetable matter consisted of angular seeds, ap¬ 
parently of some pulpy fruit. A bird with the habits of this species 
has great possibilities in obtaining injurious ground-inhabiting 
insects found in more or less wooded regions, such as coffee fincas 
and orchards. As there is no other Porto Rican bird with very 
similar habits, the Zorzal should by all means be encouraged. 



A total of 106 species of birds are found at Cartagena Lagoon 
and its immediate vicinity. Of these, 42 are migrants from North 
America. Another 42 species breed there either regularly or oc¬ 
casionally. Two of these (Progne dominicensis and Viroosyloa c. 
oalidris) breed in Porto Rico but winter in South America, and it 
is possible that a third species ( Himantopus mexicanus) does like¬ 
wise. Twenty-one species come to the lagoon only to feed, though 
breeding in other parts of t^e Island. 

An average of 36 species of birds per day were recorded at the 
lagoon. The largest day’s list was 48 species on April 11,1924, and 
the smallest 26 species on August 13, 1924 (when the lagoon was 
nearly dry). The largest list in the fall was 45 species on September 
30, 1924. 

Of the 42 species of birds breeding at or in the immediate vicin¬ 
ity of the lagoon, 19 might be called typical lagoon species. Nine 
of these are entirely dependent upon the marsh for food and shelter, 
while 10 visit it primarily for food. Three of the ten, namely, 
PqecUonetta b. bahamensis, Butorides virescens maculatus and Oxye- 
chyfr vociferus rubidus, visit it because they show a preference for 
raaroh conditions and aquatic food. The other seven occur at the 
lagdon because of the abundance of food found there rather than on 
account of any special preference for marsh conditions or aquatic 
food. In this class I would include Zenaida eenaida lucida, Chaeme- 
pelia passerine troohda, Crotophaga ani, Tyrmnus d. dominicensis, 
Agelaius xanthomus, Holoquiscalus vigor brachypterus and Dendroica 
petechia bartholomica. Although some of these birds, namely, Ze¬ 
naida eenaida lucida, Holoquiscalus n. brachypterus and Dendroica 
p. bartholomica, nest more or less regularly in the marsh, there are 
no birds which appear to visit the marsh primarily for shelter. 

Of the 9 species which are entirely dependant upon the marsh 
for food and shelter, Colymbus d. dominions is almost entirely 
restricted to the cat-tail zone, and PodUymbus podioeps cmtUlarum 
to the opeu-water association. Erismatura alleni prefers the sedge 
and cat-tail zones for nesting. Ixobrychus e. exilis is entirely 
restricted to the cat-tails for breeding. Porzma flaviventris is found 
chiefly among the cat-tails and sedges, but its nesting habits are 
unknown. Gallinula chloropus pqrtorieensis and Fulica caribma 
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major are chiefly birds of the cat-tail, sedge and grass associations, 
while Ionomis martinieus prefers the cat-tails for nesting. Si wan* 
toput mexicanus prefers the grass association, but it is very adaptable, 
and establishes itself in almost any zone when it is molested in 
another. 

CONCLUSION 

Cartagena Lagoon is to-day the most important breeding ground 
for resident waterfowl as well as the most important refuge for 
migrant water birds in Porto Rico. It also supplies food for thou¬ 
sands of other birds which are not primarily marsh birds. There is 
probably no other spot on the Island where so large an assemblage 
of birds of so many species can be fouqd. It will be a sad day 
indeed for the bird life of Porto Rico when the lagoon is drained. 
It will probably mean the extermination of certain species as far aa 
Porto Rico is concerned, and a great diminution in the numberp of 
others. Many of these birds are of great value, either to the agri¬ 
culturist or to the sportman. It would be a great economic asset 
to the people of Porto Rico if, before it is drained, the lagoon could 
be obtained either as a private, or preferably as a government wild¬ 
life preserve where the birds would be strictly protected while breed¬ 
ing, and hunting carefully regulated and supervised at other seasons. 
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Vo VOL X Vo. 1, of tt» Jounud of the Department of Agriculture of Porto 
Sice, containing legislation in force regarding the protection of birds In 
Porto Bico, Compiled top P. A. Upw Dominguez, Director, Insular Experi¬ 
ment Button, and editor of the Journal. (Bee footnote, page 88, VoL X 
Vo. 1, of this JouraaL) 

ACT 45 

TO PROVIDE FOB THE DEVELOPMENT AND PROTECTION OF AGBIOUI/TUBE, 
THB CREATION OF A BOARD OF COMMISSIONERS OF AGRICULTURE, DE¬ 
FINING THE IB POWERS A1JD DUTIES; TO AMEND AN ACT ENTITLED “AN 
,AOT TO PREVENT THE INTRODUCTION INTO POBTO BICO OF PLANT AND 
"INSECT DISEASES, AND PESTS, AND FOB OTHER PURPOSES”, APPROVED 
SEPTEMBER 8, 1010, TO PROVIDE FOB THE INTRODUCTION AND PBOTEO¬ 
TION OF BIBDB BENEFICIAL TO AGRICULTURE, FINING PENALTIES FOB 
THB DESTRUCTION OF SAME; MAKING AN APPROPRIATION TO CARET OUT 
ITB PROVISIONS, AND FOB OTHER PURPOSES APPROVED MARCH 0, 1811 

Section 5.—That it shall devolve upon the board: 

Fifth: To prepare, print, publish, and furnish on request, a list of birds 
beneficial to Agriculture, as provided for in Section 6 of this Act; the Board 
having the right to amend said lists from time to time. 

Section 6.—That the act of seising, killing, destroying or keeping in one’s 
Possession, any bird beneficial to agriculture, be and is hereby declared to be 

a ^wful. Whosoever seises, kills, destroys, or keeps in his possession any bird 
efieial to agriculture shall be guilty of a misdemeanor and punished therefor 
with a fine of not less than five nor more than twenty-five dollars or with im¬ 
prisonment for not more than ten days, or with both penalties. The board shall 
prepare, print, publish and furnish on request, a list of birds which in their 
opinion are beneficial to agriculture, and any bird comprised in said list shall 
be conclusively considered as beneficial to agriculture for the purpose of thiB Act. 


CHAPTER XIV, REVISED STATUTES AND CODES 07 PORTO RICO, ISSUED 

MARCH 19X1 

Section 0969.—Every person who, within any public park, plasa or highway, 
kills, wounds, or traps any bird, or destroys any bird’s nest, or removes any eggs 
or young birds from any nest, is guilty of a misdemeanor. 

ACT 60 

TO PROVIDE A GAME LAW 

He it enacted by the LegiAaUve Aeembly of Porto Mice: 

Chatjeb I 

CLASS DTICATION 07 ANIMALS 

Section 1,—-Wild animals found in public lands, as well as those found in 
private lands, are hereby declared to be the p roperty of The People of Porto 

ill 
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Rico. The wild goat, the wild hog, the rat and the wangeutte or fbaxftflft rat 
gre the only wild quadrupeds that may be boated in Porto Bioo. Hi the appendix 
attached hereto, which shall form part of this Act, there will be found a clo s stiU d 
and specified list of the animals that may be hunted in the Island which, with 
the exception above stated, belong* to the genus of birds. 

OHipm n 

HUNTING SIGHT 

Se Mop 2—The *ord “hunt” shall be taken to include all legal mean* of 
looking for, pursuing, harassing, catching or killing all wild animals or animals 
which may have become wild. 

Section 3.—A11 persons of legal age, possessing a hunting certificate, shall 
have the right to hunt, but shall exercise such right subject to the provisions of 
this Act. 

Section 4.—The right to hunt may be exercised on lands of Tbe People of 
Porto Rico without the necessity of obtaining a permit therefor, provided they 
are not closed for that purpose or the entrance thereto prohibited by competent 
authority. This prohibition shall be advertised by various means, such as posters 
placed at conspicuous points m the boundaries of the lands where hunting shall 
have been prohibited 

Section 5.—The right to hunt may also be exercised without previous permit, 
on private lands not under cultivation which are not visibly enclosed™- bounded 
or not having signs prohibiting hunting m the same manner and fornrprescribed 
in the preceding section. In lands provided with these requirements only the 
owners, lessees and judicial administrators thereof, or the persons authorised by 
them, shall have the right to hunt provided they possess the necessary hunting 
license. 

Section 6.—For the purposes of this Act the words "enclosed lands" shall 
be taken to mean all those having any of the different classes of fences used in 
Porto Rico, and by "bounded lands" shall be understood all those whose boun 
daries are marked by permanent stone, concrete, masonry or wooden monuments. 
Game lands whose owners ot lessees do not use the game for selling or other 
commercial purposes shall not be assessed as such 

Section 7.—A Jmnter shooting from game lands where # hunting is permitted 
and wounding a bird or animal which falls or enters into private property shall 
have right to the same, but in order to recover it be shall first obtain due per 
mission from the owner or lessee of the property if the same be enclosed by any 
of the means recognised by this Act. Tn case the hunter is authorised to enter 
the property he shall at all times be responsible for damages caused to crops or 
property. 1 

Ohaptkb III 

KXERCI88 OF THE BIGHT TO HUNT 

Section 8.—Hunting shall be absolutely prohibited during the dosed seasons 
which shall be as follows: 

(a) Wild pigeons of all kinds: From the first day of January until the 
fifteenth of July. 

(b) For ducks: From the first day of May until the thirty first of I)e 
comber. 


1 The equivalent ot the word* “or property* does not appear m Spanish text. 
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(d) Pox the Mrds of tile JtaUida family (American coot, galllnule, etc.).* 
Prom the first day of December until the last day of February. 

(d) For all other birds and mammiferons animals: From the first day of 
Mbroaey until the thirtieth day of June. 

Section 9.—-At no time shall the birds included in list number 2 of the 
appendix to this Act either be killed or caught. In accordance with the pro* 
visions of seetion 5 hereof, domestic pigeons may only be caught or killed by 
their owner or by virtue of written authorisation from him. Carrier pigeons 
shall in no case either be caught or killed. 

Seetion 10.—The firing of shotguns and other firearms at a distance of less 
than one kilometer from any town is hereby,prohibited. 

Section 11.—The owners or lessees of rural properties may install in them 
all hinds of devices for the destruction of animals comprised in list number 3 
of the appendix; but at no time shall such device be installed in public roads 
or trails. 

Section 12.—The handling or sale of game animals during the dosed seasons 
specified in section 8 hereof is absolutely forbidden. 

Section 13.—The closed sen sons shall be advertised each year in the news¬ 
papers of larger circulation in the Island. The alcaldes shall make known its 
provisions by means of posters and placards posted in the town and barrios . 
The Secretary of Porto Rico shall see that this requirement is complied with. 

Section 14.—Any person destroying the nest of game birds or those of birds 
comprised in list number 2 of the appendix hereto shall be guilty of a violation 
of this Act and shall be liable to the penalties fixed herein. 

Section 15.—Tt sbal 1 he the duty of the police and employees of the Irriga¬ 
tion Service at the lakes and canals of the Irrigation Service to denounce any 
violation of this Act that they might see or which might come to their knowledge. 
Anypcitiren will also have the right to denounce the violators of the same. 

Chapter IV 

HUNTING AND FIREARMS LICENSES—PBOCEDURK 

Section 10.—No person shall have the right to carry shotguns or hunt unless 
he has first obtained the corresponding license, which license shall be issued by 
the Secretary of Porto Rico subject to the provisions of law. Said license shall 
ho good for n term of one year from the date of issuance and may be renewed 
on petition of the interested party upon payment of the fee. 

Section 17.—The police shall require the presentation of the hunting license 
and of the permit to carry shotguns, and upon failure of the huntsman or hunts¬ 
men to exhibit same his or their arms shall be confiscated, but the same shall 
be returned to the respective owners if within a term of eight days they should 
present the license issued on a previous date to that of the confiscation. 

Section 18.—Upon the expiration of the term of eight days, should the above 
condition not have been complied with said arms shall definitely be confiscated 
and told by public bids. 

Ghapt^h V 

VIOLATIONS—PENALTIES 

Section 19.—Any wilful violation of the provisions of this Act shall be 
deemed as a misdemeanor and shall be punished by fine of not leas than twenty-* 
fire dollars or imprisonment of not to exceed thirty days. 
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Sestfcm 20.—The fee for the hunting license shall tie of tee doll m P* 
ttsttm and ahall be payable in Internal-revenue stamps. Hie atitborl*a*46a to 
which this eection ref art dull include all kind* of sboigans of whatever caliber 
and all other arm* the nee of which may be adapted to hunting. 

Section 21.—All laws or part* of law* in conflict herewith are hereby 
repealed. 

Section 22.—This Act shall take effect from and after the first day of 
June, nineteen hundred and sixteen. 


APPENDIX 


J^s* Ntocbee 1 

OAaa BXBDB 


1st order: Columba 
Unique family: Cofambid* 


Domestic dove 
Turtle dove 
Savage partridge 
Partridge of Marttoica 
Small turtle dove 


American coot 
Florida galHnula 
Purple galHnula 
Sara rail 


Oinerious pigeon of savanna 
Wood pigeon 
White-crowned pigeon 
Portorican dove 


2d order: Grants 
Family ralHda 

Yellow rail 
Jacana 
Limpkin 
Clapper rail 

8d order 

Family eoolopaeidcs 
Snipe 


4th order 
Family adeidai 


Yellow-crowned night, heron 


Black-crowned night 


5th order: Palmipedm 
Family anatida 


Gooae 

Snow gooae 
Tree dudt 
Small spoon duck 
Domestic duck 
Long-neck duck 


Sea gull 
Exotic aea gull 
Gun of Paradiae 
Antilles gull 


Florida goose or of border 
Buddy duck 
Green-winged teal duck 
Black-streak dude or dominie 
Bustle duck of the middle 
Dark rustic duck 


6th order 
Family laridm 

Royal gull 
Sharp-billed gull 
Black sea gull 
Dark tea gull 

7th order 
Family o&vmM&m 


Bed-bUM grebe 


Least grebe 



Urn Vwam 8 

m wot to jumcuimm 


111 family: Lanid* 


Jamilan vitoo 


Litimar Tireo 


2d family: Tvr&idm 


Wood thrush 
Pearly-syed thrasher 


Great blue boron 
Snowy heron 
Agret royal 
Great white heron 
Reddish egret 


4th order 
Family ardeida i 


Portorieaa thrush 


little bine heron 
Spotted heron 
Little green heron 
Leait bittern 


3d family: * Sylvida 


Maryland yellow throat 
Fellow warbler s 
Black polt warbler 
Black and white warbler 
Palm warbler 
Prairie warbler 
Fellow-throated bine warbler 
Adelaide’s warbler 
Black-throated blue warbler 


Mirtle warbler 
Magnolia warbler 
Cape May warbler 
Ovenbird 
Water thrush 
Parula warbler 
Worn-eating warbler 
Awtean red start 


Gray kingbird 
Portorican Petchary 


4th family: Tyranid* 

Portorican flycatcher 
Portorican wood pevee 


5th family: 

Portorican euphonia 
Portorican tenager 

6th family: 

Portorican glod finch 
Antillean grasshopper sparrow 
Hooded weaber-flnch 

7th family: 

Fawny-shouldered blackbird 
Portorican grackle 


Tanagrid* 

Portorican spindaHs 

FrinffiUida 

Scarlet-cheeked weaber-flnch 
Oarib grassqnit 
Bryant’s grassqnit 


Icttrid* 


Troupial 

Portorican oriole, calendar 


8th family: Corvid* 

Portorican crow 

« 

9th family: DcmUMm 
Portorican bananaquit 

10th family. Aleyontfm 
Portorican tody 



m rm x&mu of **& 

ll<k tonify* & wu*4 Mi * 

Ctank mUow Are* Was swtftow 

Bast* straBow *¥* swajkm 

Qm swallow 

12th tonify: CfyfSW* 

Bhwsic swift 

13th family: Qaprmrigidm 

Nlghthwwk Coat sucker of Oarofine 

14th family: Fieoiriks 

Woodpecker 1 

10th family: CvmMm 

And Mangrove quekoo 

Bird booby larger Black billed cuckoo 

let family: FaUxmtfas 
Small falcon 

LZJBT NtIMBEl 8 

BUU>8 PfUUtTDIClAli no AGRICULTURE 

5th order—-Rapacious of the day 
let family: Falconi&a 

Fish hawk or osprey Pennsylvania falcon 

Bed-tailed hawk Barn owl 

2d family: Strigtda 
Bapacioue of the night 

*Owl of eavanna or eoruja Common owl. 

Approved AprH Id, 1916. 


ACT 22 

TO PROVIDE A FOREST SERVICE IN PORTO RICO 
Approved November 9$, 1917 

BZBD REFUGES 

Section 5.—That the Governor may, with the advice of the Oomjnlssumer, 
by executive order or proclamation declare any or all of the Insular Public 
Forests to be a bird refuge for any game or other kind of bird or birds which 
it may be seen desirable to especially foster, encourage and protect It shall 
thereafter, and as long as any such refuge be and is continued, be the duty of 
the Commissioner and all the Service subordinates td exercise special vigilante 
in the enforcement of hny and all laws or the rules and regulation* of the Com¬ 
missioner supplementary thereto pertaining to the protection of the bird or birds 
thereon. 





VOL. X 


April, 192V* 


IW. 2 


Entered as scoond'dass matter January 12. 1924. at the post ofiea Aet of 

June 6, 1900 

Acceptance for mailing at a special rata of postage provided for in section 1103. October 3, 1917, authorised 

January 12. 1924. 


THE JOURNAL 

or THE 

DEPARTMENT OF AGRICULTURE 

or 

PORTO RICO 



PUBLISHED BY 

THE INSULAR EXPERIMENT STATION 
RfO PlIDRAS, P. R. 



San Juan, F.B, Bureau of Supplies, Printing, and Transportation, 1026 



DEPARTMENT OF AGRICULTURE 

SUPERIOR OFFICERS 


Carlos E. Chard6n, M. S._Commissioner 

Jaime Bagit£, V. M. D_Sub-Commissioner 

INSULAR EXPERIMENT STATION STAFF 1 

F. A. L6pfz DomInguez, B. S_Director 

ARTnuR H. Rosenfkld, M. 8. — -Sugar Technologist 

DIVISION OF CTIEMIHTRY 

R. FfrnAndez OarcIa, B. S_ Chief of Division 

Ismael Col6n, B. S.-Associate Chemist 

J. II. RamIrez, B. 8. -Assistant Chemist 

Fernando A. Villamil, B. S-Assistant Chemist 

Virgilto Col6n FrIas, B. 8.-Assistant Chemist 

DIVISION OF AGRONOMY 

Pedro Richardson Kuntz, B. S. -Chief of Division 

Luis A. Serrano, B. S-Assistant Agronomist 

*-Plant Breeder 

Pedro Oruna, B. S_iloiticulturist 

Pedro V£lez RodrIguez _0\erseer 

DIVISION OF ENTOMOLOGY 

J _--( hief of Division 

Francisco SeIn, Jr., B. S.—-- Assistant Ej iomologist 

DIVISION OF BOTANY AND PLANT PATIIOLOGY 

Melville T. Cook, Pli. D.-Chief of Division 

Rafael A. Toro, M. S.-Assistant Pathologist 

DIVISION OF ANIMAL HUSBANDRY 

Montgomery Ellison, B. 8_Chief of Division 

Juan Varas CatatA, V. S_Veterinarian 

OFFICE 

Accounting Clerk 
Secretary 
Translator 
Clerk 

Clerk in charge of the Library 

1 As of date of issue. 

* Vacant. 


Roberto L. Ktvera _ 

JosiS I. Otero- 

Ana Roque- 

Silvestre Cruz Dtsdikr 
Manuel Emilio Rivera 

























EPIPHYTIC ORCHIDS A SERIOUS PEST ON CITRUS TREES 

Melville T. Cook 

Epiphytic orchids have been frequently reported as growing on 
citrus trees but the writer does not know of any record of their 
occurring in sufficient abundance to be destructive. In July 1925, 
the attention of the writer was called to a citrus plantation between 
the Carolina Road and Trujillo Alto in which orchids have appeared 
in such great abundance as to be very destructive. Since that time 
other cases have been reported. 

Two different species of orchid (Ionopsis uiricularioides (Sw.) 
I.indl. and Lcocliilus labiatus Kuntze.) were found to be active agents 
in killing the branches of the trees, but I. uiricularioides was by far 
of the greatest importance. Therefore, the greater part of this paper 
will be devoted to his species. The largest of these plants (Fig. 1) did 
not have more than six leaves, the largest leaf was nine inches in length 
and the longest flower shoot was about two feet in length. However, 
the plants begin, blooming when very small. Many plants with leaves 
a little more than one inch in length produced flower shoots about 
four inches in length and a few flower** The roots varied from a 
few in number to thick masses. A young plant (Fig. 2) is usually 
supported by three or four roots which grow in any direction for 
a distance of three or four feet or even more but adhere closely to 
the host plant. These roots branch rather sparingly, but as the 
plant increases in size and age new roots arc produced which mingle 
with roots of other plants until the branch is almost completely 
encrusted for a considerable distance (Fig. 3). As the plants 
increase in age aerial roots (Figs. 4 and 5) are produced in very great 
abundance. These aerial roots frequently become attached to neigh¬ 
boring branches and are produced in such great ‘ abundance as to 
give the appearance of a mass of Florida Moss. The aerial roots 
are not different from those attached to the branches. They are 
aerial simply because they have qot come in contact with any' resistant 
object. If one of these roots comes in contact with a stem or leaf 
within a reasonable time, they immediately become attached. They 
frequently become attached to the leaves of the orchid from which 
they were developed. 
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The infections vary from a single small plant to dense masses 
of plants of various ages and sizes. The writer counted as many 
as twenty plants within a distance of twelve inches. The plants 
were also found clustered in masses (Fig. 5). A careful examination 
indicated that these plants came from seeds. When carefully dis¬ 
sected out, it was evident that eacli plant had its own root system. 
This had to be determined almost entirely from the study of very 
small plants because plants of one inch in length usually produced 
such lengthy root systems that it was difficult to follow them. The 
encrustation of roots on the surface of a branch afforded a most 
excellent place for the lodgement of seeds and thus gave rise to the 
great number of plants of various ages and sizes within a small 
area. The writer failed to find a single case in which two plants 
had a united root system. The roots when dry are very grey but 
many of them develop a light green color when young and in the 
presence of moisture. 

The infections are most abundant in reduced sunlight and 
moisture but none were found in dense shade and excessive ^aoisture. 
The infections usually start by the development of one or more 
seedlings on a branch or twig where it is well shaded. When the 
plant is ready to produce fruit, the flowering shoots grow upwards 
and into the sunlight. Small plants, producing short flowering shoots 
] reviously referred to are usually exposed to the sun as a result of the 
dying of tlie leaves of the host. The larger plants produce longer 
flowering shoots and more flowers, the flowering shoots always carry¬ 
ing the flowers into the sunlight. Although the plants s\*rt jr.il de 
volop in the shade and are seldom exposed to the direct sun light, 
except as a result ‘of the dying of the leaves of the host, the flowers are 
always borne in the direct sunlight. It, therefore, appears that the 
strong sunlight may stimulate flowering. The plants fruit very freely 
and produce enormous numbers of very small seeds. These seeds 
aie so small and light that they are easily carried by the wind to 
the same or neighboring trees, where some few of them germinate 
and give rise to new plants. Naturally the greater the distance from 
the point of origin the more scattered the new infections. It was 
^ry easy to locate these original infections and to trace the new 
infections from these centers. 

The effects of the Orchids on the host plant was that of strangu¬ 
lation (Figs. 2-6). The roots grow very rapidly and increase with 
the number and age of the plants and practically cover the entire 
surface of the branch for a considerable distance. The infected 
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branches were eventually killed. Sometimes branches as much as 
three inches in diameter were killed. The killing of these branches 
very naturally destroyed the symmetry of the trees, gradually weak- 
ened them, reduced production and eventually killed them. Tie* 
rapid spread of this pest was a surprise to the writer, who visited 
this plantation thirteen months previous to the discovery of this 
outbreak. 

L. labial us (Figs. 7 and 8) is a very much smaller plant, was 
much less abundant and much less destructive. There was no 
evidence that any branches more than three*fourths of an inch in 
diameter had been killed by this species. It appeared that this 
species was more tolerant to sunlight than I. utricularioides. 

OONTBOTi 

The control of these pests is comparatively simple. It consists 
in the removal of the plants so far as possible and in some cases the 
removal of heavily infected branches. Since the plants always start 
from seeds and not from the branching root systems, it is not neces¬ 
sary to remove all the roots. It is advisable to take the above 
precautions previous to spraying the lives, since the spraying fluids 
may kill some of the seeds and some of the very small plants which 
have been overlooked. 


KXPIANVTION OF IMATtiK 

Figure ] : Joiwpsis ntricalariouU x, showing flowers, seeds 
pods and roots attached to the plant from which they were 
developed. 

Figure 2: Young plants on a grapefruit branch. 

Figure II: Numerous small plants with well-advanced root 
systems on a grapefruit branch. 

Figure 4: A number of plants on a dead branch. Also shows 
aerial roots. 

Figure T>: Same as 4. 

Figure 6: A number of young plants on a branch which is 
still alive. 

Figures 7 and 8* /,. labial us . 
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MYGOLOGIOAL NOTES I 1 

Rafael A. Toro 

(With one plate and one figure on the text) 

The purpose of these cotes is to present the results of the studies 
of the mycological flora of the Island of Porto Rico. The bulk of 
the literature already in existence on this subject contains several 
disagreements regarding the identity of some of the forms studied, 
and makes necessary a detailed and comprehensive revision of some 
of the groups. 

The study of the tropical flora has been for a long time a subject 
of interest to those engaged in botanical classification of phanerogams, 
although, from the start 9 some cryptograms were incidentally col¬ 
lected and studied. The fungi collected in Porto Rico by P. Sintenis 
in 1881 were studied by Bresadola, Hennings and Magnus (Eng. 
Bot. Jahr. 17 B : 489-501. 1893.) and recorded by Stevenson (Joura. 
Dept. Agric. Porto Rico 2 3 : 125-264. 1918.). Those collected by 
C. Schwanecke in 1846 were studied by Klotsch (Linnea 25: 364-366. 
1852.) and also recorded by Stevenson. We find in Stevenson’s 
paper a record of only one of the fungi collected by Bertero in 1818. 
This fungus was described by Leveille (Ann. Sci. Nat. 3 2 : 177. 
1844.) under the name Ueliomyces berteroi isp. nov. and was restudied 
and transferred by Murrill (N. Am. PI. 9 4 : 267. 1913.) to Maras- 
mius berteroi (Lev.) comb. nov. However, other fungi were also 

collected by Bertero and described by Montagne (Ann. Sci. Nat. 

8 2 : 345-470. 1837.) and Levielle (Ann. Sci Nat. 3 s : 38: 77. 1845.) 

but not recorded by Stevenson. Montagne is, apparently, the first 

scientist to describe a fungus from Porto Rico. By way of intro¬ 
duction to these notes and as a matter of historical interest in mycology 
a presentation is here given of this description by “Montagne: 

“36. Dothidea (Asteroma) Eugeniae (Montag. mass.); amphigena, macu-• 
laeformis, centro opaca atra fibrillis ramoso-pinnatis, ramie ^ paten tibus ip ambitu 
radiata, cellulis confertis minimis collagsis ostiolo instructis. 

“hab. in foliis vivis cojusdam Eugeniae speciei in Porto Bico a Bertero et 
mecum sub nomine Depat eae eugeniae a Balbisio communicata. 

1 The writer wishes to acknowledge his obligations to Dr F. J. Beaver of the New York 
Botanical Garden for the facilities rendered during the writer’s star at that Institution and 
to Dr. Mel T. Cook for reading and correction of the manuscript. 
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“Elegans uti sunt pleraeque species liujus tribuR. Maculae amphigeneae, 
variae amplitudinis, confluentes, snepius minnnae, 1-2 lineas latae, centro opacae, 
ambitu fibrillis tenuissimis atriculatis rainoso-pinnatis, ramis alternis decrescen- 
tibus radiatae. Cellular praesertim in centro macularum confeitao, sed tamen 
distinctae, minutiHsimae, collapsae, peHzaeformiB, eumorphne, osliolo sub vitris 
augentibus tuutum eonspicuo instructao et sat similes peritbeciis Sphnerta com 
plamiiae Tode, a quibus mole solum priino intuitu recedunt. M 

This fungus is also recorded by Saccardo (Byll. Fung. 1: 49. 
1882.) in his section Aster idium under the name of Astcrina cage nine 
Mont. It can not he an Asttrina since Kaecardo states m tho descrip¬ 
tion that the spores are three-septate. Theissen (Abh Iv. K. Zoo-Bot. 
Ges. Wien 7 :j : 25. 1919.) also excludes the species from Axto'nm 

Lev because “Naeh del* Besclireibung sind die Sporeii vierzellig”. 
The writer examined a specimen from South America, deposited in 
the herbarium of the New York Botanical Garden and labelled 
Pothidm Enqukuv Mont , and found that there are no asei or spores 
rn the fungus 

Leveille describes two other fungi from Bertero’s qpllection * 
Spharria C( aslophylh sp nov. on lea\es of Phrocarpax Et adophylhim 
and Shi burn hirhroi s]). nov on dead twigs. The firsl species w r as 
transferred by Saccardo (Syll. Fung. 1: 44b. 1882 ) to Phyxatoxpora 

Eoasloplujlh (Lev.) The other species is still known under its 
original name. In his paper, Levielle reports for the first time front 
the Island, Mdiola ainpltilncha Fr. on leaves of Araha arbortn . This 
Imigus may In* the same as Mdiola arafi(v collected in 1884 in Porto 
Lico on leaves of Ihndropanar arbounm (L ) Dene, y PI. and re¬ 
ported by Stevens (Illinois Biol Monog. 2: 505. 1910.). 

1. Calothyrium Ingae Ryan. 

The genus Vatoflnjnum was established by Theissen (Ann. Myc. 
10: 160. 1912 ) to include those species formerly assigned to Asta'ina 

Lev. having hyaline spores and mycelium devoid of hyphopodia. 
For the 1)row*n-spored forms the new genus AstcrincHa Tli. was also 
proposed. 

According to Arnaud (Lcs Asterinees 1: 150. 1918.) the generic 

characters of Micro!Infritnn Dcsm. were not well delimited, lie 
found that the type-species, it. microscopic am Desm., is provided 
with superficial mycelium and resembles in general characters 
AstcrincHa Puiggarii (Speg.) Th. For this reason he amended the 
description of Microthyrium Desm., including among its characters 
the presence of superficial mycelium. The writer examined at the 
New York Botanical Garden a specimen labelled “ Microthyrium 
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microscopicum Desm”. (Rab. & Wint. P. Europ. No. 2943) and 
found that it has a very scanty superficial mycelium. Undoubtedly 
the genera Calothyrium Th. and Microthyrium T)csm. are the same, 
while Astcrinclla Th. differs from either only in having colored spores. 
The genus Calothyrium Th. then becomes a synonym of Microthyrium 
(Desm.) Arnaud. Therefore, Calothyrium ingae Ryan becomes Mi¬ 
crothyrium Ingae (Ryan) comb. nov. 

On leaves of Inga Inga (L.) Britton. Porto Rico Fungi (Stevens). 
No data . 

Spots none; colonies more or less circular, 5-10 mm. in diameter, 
membranous, black at the center, pale toward the edges; mycelium 
without hyphopodia, 3u. in diameter, straight, rarely anastomosing, 
light brown, septate; 90-11 On. in diameter, astomous at first, ostiolate 
at maturity and dehiscing by desintegration of the cell walls, fuli¬ 
ginous, coriaceous, finely denticulate at the borders, prosenquimatous- 
radial, with thin, scarcely septate straight threads; asci oval-obovate, 
14-18 X 14u., 8-pored, thick-walled and roundish at the upper portion 
sub-cuneiform at the lower and terminating in a thick, short pedicel; 
spores inordinate, cylindric-fusoid, 10-12 X 2-ttu., 1-septate, the 
superior cell obtuse, sub-globose, the inferior acute, slightly con¬ 
stricted, hyaline; paraphvses filiform, mucilaginous. 

(\ llippocratew Ryan may, according to the description, also 
belong to Microthyrium Desm. Since no material of this fungus 
has been available it is tcmporaly left under the former. 

2. Microthyrium Psychotriae (Kyan) comb. no\. 

The fungus Calothyrium Psychotriae Ryan is also a Microthyrium . 
11 forms no spots on the leaves hut the subioulum consists of rather 
i'‘regular, black crusts 2-5 mm. in diameter; the thiriothecia are 
110-115u. in diameter, opaque-fimbriate, provided with ostiolo but 
dehiscing by desintegration of the radiate hyphte which make up the 
perithecial elements; the mycelium is brown, 4-6u. thick, closely 
septate and nearly straight; the asei round, sessile,‘the upper portion 
\ery thick-walled, the lower thinner, 12-20u. in diameter, 8-spored, 
spores inordinate, elliptical, 2-cellcd, 5-7 X 2-3u., hyaline (Plate I, 
Figs. 4 & 5.). * 

On leaves of Psychotria sp. Porto Rico Fungi (Stevens) No. 6662 . 

3. Lembosia microspora Chard6n and MorenoeUa portoricensis Speg. 

The genus Lembosia Lev. differs from Morcnoella Speg. in having 
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asci provided with paraphyses. The descriptions of Lembosia mi* 
crospora Chardon (Mycologia 13: 282. 1921.) and of Moronoella 
portoriccnsis Speg. (Bol. Acad. Nac. Ci. Cfirdoba 26 : 343. 1923), 
however, state that paraphyses are present in both species. The 
writer has examined several specimens of these two fungi and has 
found that the presence or absence of paraphyses is a very unstable 
character on which to determine the generic position of these species. 
According to the stage of maturity of the fungus, one will find 
sometimes distinct, sometimes few, or sometimes no paraphyses. The 
same has been found to apply to genera which are differentiated by 
their variations in structure of the free mycelium, for instance, as 
to the presence or absence of mycelial setae or hyphopodia. So dif¬ 
fers Irene Th. & Syd. from Mcliola Fr. In Irene the mycelial seta* 
are wanting while they are present in Meliola. But from the exami¬ 
nation of fresh material in the tropics the writer is convinced that 
Irene species with mycelial structures resembling setae may also 
occur as Mcliola with typical setae, and vice versa, depending upon 
weather conditions, character of the host and stage of development 
of the fungus. Such genera, and many others, therefore, have very 
low value, but they considerably increase the already existing un¬ 
certainty and will frequently cause errors. It would be much better 
and more in accordance with natural conditions if such genera would 
only be considered as sub-genera. The writer (Mycologia 17: 131- 
-147. J925.) recognized the genus Irene Th & Syd. as having well- 
defined characters, but only forms which do not show 7 tra es of typical 
seta; and have no mycelial structures resembling them, are considered. 
However, after more extensive studies it may possibly be found that 
even the complete absence of seta 1 is not a stable character, in which 
case it will be necessary to consider the genus as a section of the 
older genus Mcliola Fr. The same may be applied to Appendiculella 
v. Ilohnel, which differs from Meliola Fr. in the presence of vermi¬ 
form perithecial appendages. 

In his description of Lembosia microspora, Chardon makes the 
statement that hyphopodia arc absent. However, upon re-exami¬ 
nation of his type and other material it has been found that there 
are very distinct hyphopodia on the mycelium, although sometimes 
these are wholly absent. It was also noticed that these hyphopodia 
can be very easily mistaken for the basal cells of broken mycelial 
Lypha3 which remain attached after the rest of the hyphae have been 
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separated. They are cylindric, 1-celled, pointed toward the ends 
and o£ the same color as the mycelium. 

From the studies of the type-materials of Lembosia microspora 
Chardfin and of Morenoella portoricensii Speg., the writer found 
that the dimensions of the different elements overlap and that there 
is no difference between the species. Also since they have the same 
general characteristic and occur on the same host there is no doubt 
that we are dealing with the same fungus in both cases. The name 
given by Chardon must be retained as valid for reason of priority, 
but the description needs to be emended. 

Lembosia micbospora (Oharddn) char, emend. 

Lembosia microspora Chard6n, Mycologia IS: 282. 1921. 

Morenoella portoricensig Speg., Bol. Acad. Nac. Ci. Cordoba 
26:343. 1923. 

Echddnodes microspora (Chard6n) Seaver & Toro. Sci. Surv. 
Porto Rico 8:41. 1926. 

Spots none; colonies amphigenous; mycelium widely spreading, 
septate, 3-4u. in diameter, light-brown, branched, anastomosing; 
hyphopodia straight-cylindric or sub-ampulliform, small, 1-celled; 
thyriotheeia scattered, black, often curved, 200-800 X 100-200u., 
asci oboval e-ellipsoidal, 8-spored, 18-25 X 15-20u.; spores inordinate, 
1-septate, constricted at septum, 10-15 X 4-5u., hyaline at first, be¬ 
coming dark-brown with age; pscudoparaphyses present. 

On leaves of Ocoica Inicoxylon (Sw.) Mez. Cornell University 
Explorations of Porto Rico (Whetzel & Olive) 621 (Type of Char- 
don’s species) ; Porto Rican Fungi (Stevens) 7563, 4762, 8459, 9133 
(Ty]>e of Spegazzini's species according to Ryan, Mycologia 16: 193. 
1924.), 1739, 9436, 9122, 7319, (Deposited in herbarium New York 
Botanical Carden). 

Colonies thinly diffuse, more or less round, 5-20 mm. in diameter; 
mycelium thin, 3-4u. in diameter, straight, frequently anastomosing 
and at right angles to the hypha*, light-brown, septate; hyphopodia 
numerous, generally opposite, at right angles to the mycelial hyplue, 
cylindric and pointed toward the ends, 8-12 X 3-^4u., 1-celled, light- 
brown; thiriothecia linear, 200-800 X 100-200u. scattered, dehiscing 
by a longitudinal slit, black, border’s fimbriate, of thin, 2-2.5u. thick, 
light-brown hypha*; asci obovptc-ollipsoidal, l£t-25 X 15-20n., thick- 
walled at the upper portion, thinner at the lower, 8-spored; spores 
inordinate, cylindric, 10-15 X 4-5u., unequally 1-septate, constricted 
at septum, hyaline at first, becoming dark-brown with age; psendo- 
paraphyses filiform, numerous. 
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4. Leprieurlna radiata sp. nov. 

Spots none; fungus amphigenous, forming black, irregular crusts 
5-20 mm. in diameter; pycnidia round, radial, 210-225u. in diam¬ 
eter, formed of light-brown cells about 12u. long and 3u. thick; 
ostiolum small, round, 10-12u. in diameter; mycelium dark-brown 
eoh-webby, non-hyphopodiate, 6-8u. wide; eoniodopliores inconspic¬ 
uous, 2-5u. long, hyaline; sport's one-celled when young, hyaline, 
becoming two celled with age and with an olivaceous tint, oblong- 
elliptic, 9-16 X 3-5u. (Plate T fig. 2-41). 

On leaves of Chrysobalanus intro U, Loiza, P. R. Herbarium R. 
A. Toro 428 (Type). 

The microscopical characteristics of this fungus is mierothyriaceous 
and it is undoubtely a pycnidial form of one of the genera of this 
rscigerous group. The pycnidia are dimidiate and inverse-radiate 
like the peritheeia of the Mierothyriacete. They are solitary or in 
groups, posses an ostiolum but dehisce by desintegration of the walls. 
The mycelium is devoid of hyphopodia, like the mycelium^of the 
ascigerous genus Aslerinella, and forms a net of cross-webby threads 
by the anastomosing of the hyplue. The spores arise from underneath 
the upper part of the pycnidia and very often, the small inconspicuous 
eonidiophore remains attached (Plate 1, fig. 3) so that it gives the 
spore the appearance of being ciliatc. A character which makes this 
fungus very distinct from any other form thus far described is that 
the spores are oblong-elliptic instead of pyriform as is the ease with 
the other species. 

The systematic position of the genus Leprintritia is uncertain 
It has the same characteristics as Astrrostomrlla , a fungus described 
by Kpcgazzini (Fungi Ouaranitici 1: 157. 1883.) and originally 

placed by him among the Leptostromatacea of the Fungi Imperfecti. 
Tie indicated that Aster ostomella is a pycnidial form of Asferitm. 
There is no family among the Fungi Imperfecti that would accom¬ 
modate the inverse-radiate, superficial pycnidial forms of the Micro- 
thyriacea. The abundance of superficial mycelium and the character 
of the pycnidium makes the group unlike any other of the Fungi Im 
perfeeti. Amaud (Les Asterim's 1: 204. 1918.), realizing this fact, 
proposes the family Mierothyriopsidoes for this group including the 
genus A&tero&tomcUa as type, and characterizing the genus as having 
eolored-spores. Lrprieurina Amaud is also placed on this group, 
differing from Asterostomella in having 2-celled spores. 
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5. Perisporium Bromeliae Stevens. 

Pfrisporiuni bromdia is described by Stevens (Trails. Illinois 
Acad. Sci. 10: 168. 1917.) on leaves of Bromelia Pinguin L. This 
most interesting fungus was placed in this genus with some un¬ 
certainty as it shows relationship with different genera of the Peris- 
poriacea* and Spliaeriacea*, although sufficiently distinct from either to 
constitute a new species. Stevens (1. c.) places the species under 
Perisporium Pr. since it agrees most closely with this genus although 
it differs in having 4-spored asci. 

The writer compared the type-species of Perisporium bromelios 
Stev. (Stevens, Porto Rico Fungi No. iS29) with a specimen of 
Astertdium dim< rosporioid< s Speg. (C. Roumergu6re Fungi selecti 
exsiecati No. 5244) deposited in the herbarium of the New Botanical 
Garden and found them to be the same. This fungus, described by 
Spegazzini (Fung. Guar. II: 50. 1888.) on leaves of Caragunta 
sp., was transferred by Saccardo (Syll. Fung. IX: 434. 1891.) to 
Xukalia dimcrosporioicU s (Speg.). Later, v. Hohncl (Frag, zur 
Myk. 157: 617-618. 1917.) discussed fully the affinities and rela¬ 

tionships of AsUridium (limrrosporwidf s Speg. and placed it on the 
Hypocreales under the new combination Oibbcrclla dimerosporioides 
fipeg.). 

Recently, Gortzfilez Fragoso and Giferri (Rev. Soe. Espanola 
Hist. Nat. 25: 499 1925.) described and illustrated Chaestosphaeria 

bromelia* sp. nov. on leaves of Bromdia peregrina . However, several 
collections of this same fungus, on Bronuha Pinguin L., were made 
in Santo Domingo by Kern and Toro. They were shown to Dr. 
Oifcrri and he said the fungus is the same they had described as 
Chaeiosphaeria bromelia . This fungus, on the other hand, was 
compared by the writer with Ptrisporium bromdia Stevens and 
found that they are the same. There is, nevertheless, some incon¬ 
sistency in the statements regarding the number of spores in the 
ascus. Gonz&lcz Fragoso and Giferri say the ascus is 8-spored; 
Stevens says it is 4-spored. This same disagreement exists on the 
discussions of Spegazzini and v. Ilbhnel. Sydow and the writer 
have found that the asci are 4-spored instead of 8-spored. It is 
not surprising that the asci may appear as being 8-spored, since their 
walls are evanescent and when one ascus lies over the other and 
their walls desintegrate it gives the appearance as of being twice 
the actual number of spores. This same observation is made by v. 
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IloJmcl and Ik* sa 4 \s that “Spegazzmi pribt die Asci vier-bis aclit- 
sporig an; doeh wird dies ein Irrtuin sein, da in 50 y 25u. grosen. 
A sc] kanm aclit 26-8u grossen Sporen Platz haben I eh fand die 
Asci stets \iersporig, (Jodi Menu /wei Asci uberemander lichen, kann 
man sie leicht far achtspoiig lialten ’ 

Tlie seta* observed on the perithecium by Gonzalez Fragoso and 
( ifern ma> be due to an error of vision The writer has always 
found that the mycelium consists of rather stiff, set«c-like, septate 
h}pha* growing more or less horizontal!} to the subtratum and 
occurring only at the furrows between the veins of the leaf; but 
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never aiming from tlu* peritheeiuni The peritheeium is provided 
with a papilla and dehisees at maturity by desmteg ration of the 
< ell-walls These eharaeteis art* unlike any other hitherto described 
for a fungus of this group and are sufficient to justify the establish¬ 
ment of a new genus. Moreover, the type of the genus Pcrisporivm 
Fr., P. grammeum Fr., is, according to Saceardo (Syll. Fung I: 56. 
1882.), synonymous with Crot ureas Fr, one of the Excipuleae; the 
type of Asteridium Sacc., A. plcuroslyha Sacc , is a Meliola aeeording 
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to Theisseen and Sydow (Ann. Myc. 15: 424. 1927.), while Zukalia 
Sacc. is synonymous with Chwtothyrium Speg. (Theissen and Sydow 
1. c. 477.). From the standpoint of modem procedure in nomenclature 
the generic names Pvrisporium Fi\, Asleridium Sacc. and Zukalia 
Saco, has no standing whatever and must be abandoned. However, 
Spegazzini (Bol. Acad. Nac. Oi. Cordoba 26: 348. 1923.) claims 
that the name Asteridium Sacc. is to be retained since Saecardo when 
establishing the genus had in mind a dimidiate perithecium and 
not a cleistocarpus one as is the fruiting body of Meliola Fr. He, 
therefore^ emends the characters of this genus, re-establishes the 
name and places it in the Dyctiopeltineie of the Hemisphceriales. 
11 is an undeniable fact that such procedure can not be accepted 
s'nee it is impossible that Spegazzini could have been able to ascertain 
what Saecardo had in mind when he established the genus Zukaha , 
and moreover, such abstract-concept genera, supposing we accept 
this as one, are not altogether recoinmendable as they very often 
cause confusion. Then* is no doubt also that the fungus is not a 
Oibbcrella since its characters do not agree with what we understand 
as such. 

Abundant material of J\rixponum hronuha Stev. was collected 
i.i Porto Hieo and sent to I)r. II. Sydow. After examination of 
this and some of Stevens' duplicates he decided that this fungus 
is a new genus and described it as follows: 

Toroa Syd. gon. nov. 

Myzel obeiflachlieli, fleekenfbrmige oder auxegehreitete schwarz- 
Uchc Uberziige bildend, teils ails anliegendeu meist stark gekriimmten, 
teils aus etwas absteheuden und ziemlich xteifon Hyphen besteheiid. 
Hyphopodien felilen. Peritheeien im Hyplienfilze des Myzels nistend, 
aussen, licsonders unteu, von demsclhcn bekleidct, ziemlich klein, 
kuglig, vbllig geschlossen, aher fast immer in it deutlicher flacker 
Schoitelpapille versehen, hei der Kcifc zerfallend. Memhran briichig- 
kohlig, mehrzellschichtig, fast opak scliwarzbraun. Asci dickwandig, 
aber leicht zerfiiessend, dick keulig, 4-sporig, sitzend. Sporen breif 
liinglich-spindelfdrmig, ziemlich gross, mehrzellig, durchsfflieinend 
olivenbraun. Paraphysoiden selir sparlich, undeutlich faserig-zellig. 
(Mycelium superficial, forming blackish crusts, hyphse slightly bent 
or stiff; hyphopodia wanting; perithecia seated on the mycelium, 
spherical, nearly always provided with a papilla, dehiscing at maturity 
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by disintegration of the eellwalls; membrane brittle-carbonaceous, 
composed of many layers of cells, black-brown; asci thick-walled, 
evanescent, ovate, sessile, 4-spored; spores ohlong-spindleform, many- 
eelled, translucent, olive-brown; paraphyses sparse, indistinct, fili¬ 
form.) 

Toroa differs from Meliola Fr. chiefly in its papillate pcrithecia 
and in the shape, color and septation of the spores. 

Type species the following: 

Toroa dlmerosporioides (8 peg.) 8y<l. comb. nov. 

Astcridium dimesrosporioides Speg. Fungi (luaranitiei II: 
17. 1888. 

Zukalia dimerosporioides (Speg.) Saoe., Syll. Fung. EC: 
434. 1891. 

Gibberella dimerosporioides (Speg.) v. lldhnel, Sit/. K. 
Akad. Wiss. Wien 116: 617-618. 1917. 

Perisporium Bromeliae (Stev ) Trans. Illinois Acad. Sri. 
10: 168. 1917. 

Chaeiosphaeria bromihm Frag. & Fif. Bob R.^Soe. Es- 
pahola Hist. Nat. 25* 449. 1925. 

Myzcl oberflarhlich, nur h.vpophyli, bald ziemlich kleine, gan/. 
unregelmassig eekige ca. 1-1.5 (‘in. grossc, schwarzlichc, ziemli(‘h srharf 
begrenzte Fleeken, bald melir oder weniger weit ausgebreit(*te, oft 
grosse Teile des Blattes glciclnmissig iiberziehende, grausclnvarzliche, 
ziemlich loekere wollig filzige fTberztige bildend, aus diinnwandigen 
dor Epidermis anlirgeuden durrhseheiiieml olivenbraun gefarbten, 
ziemlich kurzgliedng(*n, ra. 3-5u. dirken, meist stark und verschieden 
gekrummten Hyphen bestehend, von welehen sich diinnwandige, 
durchscheinend schwarzbraunr, <‘a 3-4u. dickc, bis uber 60()u. lange, 
nielli* entfernt scplierte, ziemlirh steife, wirr dureheinanderlaufende, 
fast borstenartige Hyphen erhoben, aber bald cine zur Obcrflaehe 
des Substrates mehr oder weniger horizontale Riehtung einnehmen 
und ein in den Furehen zwischcn der Nerven bis ca. lfK)u. hohes, 
ziemlich lorkeres (lefleeht bilden, in welehen die Perithecien nisten. 
Perithecien nur in den Furehen zwisehen den Nerven in loekeren 
oder dichtcn parallelen Langsreihen wachsend, meist ziemlieli regel- 
massig rundlich, ca. 80-130u. im Durchmesser, vollstandig geschlossen, 
aber mit einer flaehen, gestutzt kegelfbrmigen oft ziemlich undeut- 
liehen Papille am Scheitel, bei der Reife meist ganz zerfallend. 
Peritheciummembran briichig-koklig, aus einigen Lagen von fast 
opak schwarzbraunen, melir oder weniger zusammengepressten sehr 
unregelmassig eckigen, ziemlich diinnwandigen, etwa 4-7u., seltener 
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bis ca. lOu. grossen Zellen bestehend, aussen durch schwach vors- 
pringende Zellen mid kleine Zellkomploxe sebr feinkornig rauh, 
besonders unten locker mit Hyphen des Myzelfilzcs besetzt, innen 
raseh in eine diinne hyaline oder fast hyaline undeutlich konzentrisch 
faserige Schicht iibergehend. Asci in geringer Zahl, dickkeulig oder 
langlich ellipsoidisch, am Schcitel etwas vorgezogen, mit stark ver- 
dickter Scheitelmcmbran, stumpf abgerundet, liacli unten hin stark 
< rweitert, dann plotzlich zusammengezogen, sitzeiul oder sebr undeut- 
lich und kurz gestielt, dickwandig, aber leicht zerfliessend, 4-sporig. 
Sporen ziemlich breit langlich-spindelformig, beindendig ziemlich stark 
und gleichniassig verjiingt, stumpf abgerundet, gerade oder schwach 
sichelfdrmig gckrliinmt, mit 2 ungefalir im oberen und ini untercn 
Viertel der ganzen Lange bcfindlichen Querwiinden versehen, nicht 
oder nur selir undeutlich eingesehnurt, mit ziemlich grobkornigem 
Plasma oder mit 1-2 undeutlichen aber ziemlich grossen Oltropfen, 
die mitt lore Zelle meist ea : ir>-17u. lang tonnonformig durchscheinend 
olncnbraun, die beiden Endzellen etwa 7-Su. lang stumpf konisch und 
meist deutlich heller gefarbt, im ganzen 25~36u. lang, 9-llu. dick, 
Paraphysoiden sebr sparlich, undeutlich, faserig zellig. (Mycelium 
superficial, bypophvllous, forming small, irregularly angled, black, 
definite spots about 1-1.5 em in size, sometimes confluent to form 
larger spots: outer walls of the host epidermis stained brown; hyphre 
thin-walled, translucent, blaek-brown, 11-4 thick, up to fiOOu. long, 
S’ ptate, somewhat stiff, bristle-like, more or less horizontal to the 
substratum and then about lOOu high, always on the furrows between 
the veins of the leaf and with the prrithecia seated on them; peri- 
Ihecia jii loose or compact longitudinal rows, spherical, 80-130u. in 
diameter, astomons blit with a conical papilla, dehiscing at maturity 
bv de^infegration of the cell-walls: membrane black-brown, cells 
thin-walled, 4-7u. largo; asci few, ovate or elongate-ellipsoid, thick- 
walled at the upper portion, sessile or with a very short pedicel, 
evanescent, 4-spored; spores oblong-fusiform, straight or slightly 
curved, irregularly 2-sept ate, with l or 2 indistinct but Nome what 
large oil drops; 25-36 V 9-llu., translucent, olive-brown, the middle 
cell about 15-17u. long, barrel-shaped; end cells about 7-8u. long, 
obtuse-conic; paraphyses sparse, indistinct, filiform. 

On leaves of Broinclia Penguin L. Herbarium University of 
Illinois (Stevens) No. 1329, Purnell University. Explorations of 
Porto Rico (Whetzel, Kern and Toro) No. 2336, University of 
Porto Rieo Explorations of Santo Domingo (Kern and Toro). No 
194 , and 207 . 
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On Caraguata sp. (C. Romerguere Fungi selecti cxsiccati No. 
5244.) South America. 

6. Asterina Melastomacearum Ryan. 

The fungus Asterina Melastomacearum sp. nov. is described by 
Ryan (Mycol. 16: 186. 1924) on leaves of Miconia racemosa (Aubl.) 
DC. and M. impcliolaris (Sw.) D. Don., respectively. Two specimens 
of this fungus have* been examined by the writer (Porto Rico Fungi 
(Stevens) Nos. 7037, 375) and both agree with the description given 
by Arnaud (Les Asterines I: 168. 1918) for Asterina Melastomaiis 
Lev. The fact that this fungus is very common in other parts of 
the world on members of the Melaslomacrat , makes more certain the 
possibility that Asterina Melastomacearum Ryan is the same as 
Asterina Melastomatis Lev., in which case the former becomes a 
synonym of the latter for reason of priority (Plate 1, figs. 8, 9 & 10). 

EXPLANATION OF PLATE I 

Figure 2 —Diagrumutie (.ketch of a leaf of Chrysobalanvs Jeacn showing thi* distribution 
of colonics of Leprxeurina radxata y 1 

Fim hr 3 —Spores of Leprxeurina radrata sp nov Notice the persistent sporophore on one 
of the spores N HOO 

Figure 4—A sc us and spores of Mrcrothyrwm Psychotnae (Kjan) comb nov X 800 

FiGt rk 5 — Diagramatic sketch of a leaf of Psyehotriae sp showing colonies of Miorothy- 
rium Psyehotriae (Leaf X 5, colonies X 2 ) 

Figure 0—A pentheeium of Toroa dimer osporxoides (Speg ) Syd showing method of de 
hiseing Also the setaelike character of the mycelium is shown X 95 

Fig l re 7 -—Two spores of Toroa dimcrotpoi wide* < 800 

Figure 8—Mjcclium and hjphopodia of Asterina 3 /elastomatis Lev * »o 

Figure 9 — \» useub with spores of Antenna Melastomaiis v 800 

Fim Kh 10—Two spons of Asterina Melastomaiis v 800 
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THE ANTHRACNOSES OF CITRUS FRUITS, MANGO AND 

AVOCADO 

J. A. B. Nolla 
INTRODUCTION 

The present paper presents a comparative study of the anthracnose 
diseases of the mango, avocado, and citrus fruits to determine the 
causal relations of Coll dot rich um glovosporioidcs Penz., Gloeosporium 
limetticolum Hausen and possibly other species of fungi to these 
diseases. 

The diseases known as blossom blight, leaf spot, and fruit rot 
oi the mango ( Mangifcra indiva L) have been reported to be caused 
by the fungus Colhtofrickum glocosporioid<s Penz. by Bessey (1), 
Cardin (3), Fawcett (15), Me Murran (25) and others (7, 27, 38). 
Higgins (19) reports mango blight in Hawaii caused by a species of 
Colletotriehum However, Nowell (26) says that the fungus is usually 
known as Glo< ospornun mangifcra llenn., but that it has also been 
known as Colli 1otn<hum glo(Ospor\oid<a Penz. Again Cook (10) 
and Fawcett (1. c ) hold that blossom blight is caused by Glocos - 
porium maugifera and Stevens (35) reports the same fungus on 
mango leaves. 

A similar disease is found on the avocado (P(rs(a P<rsea L). 
A species of Colletotriehum lias been found to cause black spot and 
has been isolated from the tissues of diseased fruits, stems and 
twigs. Tlie identity of this fungus with Colletolrirhnm gloiospori- 
oid(s lias been maintained by different writers (10, 26, 27 and 37). 

Tlie wither-tip, blossom blight, and fruit ranker of the limes has 
been studied thoroughly along with the wither-tip, spotting of leaves 
and fruit, and streaking of the fruit of other citrus trees, i. e ., 
pomelo and orange. Hume (20) and Massee (24) give information 
concerning the anthracnose of the pomelo; Cook (8) reports Co/,. 
I (tot rich inn glovosporioidcs as causing the anthracnose of citrus 
fruits including the lime. T)uggar (11) and Rolfs (29) sustain the 
same view as Cook as to the host relations of tlidjiathogenes, Clausen 
(5) finds that Colletotriehum ^glovosporioidcs is not responsible for 
the wither-tip of the lime. Ife studied and described another or¬ 
ganism, Gloeosporium limetticolum . It appears from his and later 
investigations by Fulton (7) that the true pathogene of the lime is 
Gloeosporium limetticolum, while Colletotriehum glocosporhides is 
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restricted to other hosts, especially citrus fruits other than lime* 
and further that it is not an active pathogene. Fawcet (16) separates 
the two pathogcnes in like manner. Cook (1. e.) in 1906 advanced 
the statement that “the fungus which has been grown in pure 
cultures proceeding from these large spots on the leaves is not the 
same as that which we obtained from the withered leaves of the 
lime.” Nowell (1. c.) believes that C. gloeosporioides is a weaker 
parasite than O. Umctticolum. Furthermore, he dwells upon the 
faet that the former partakes mainly of the nature of a saprophyte. 
'Tlie same position has been taken by Thomas (42). 

Tn the opinion of the writer, Colletotrichvm gloeospot'ioides Penz 
is the cause of the anthracnose of the mango, orange, pomelo, lemon, 
avocado and may be the cause of the witlier-tip of limes. 1 Again we 
have found Colletotrichvm gloeosporioides causing the lime witlier- 
tip only in a few cases, while Oloeosporium Umctticolum occurs more 
frequently especially in fruit spots. Tn this way we have verified 
Clauteen’s (1. c.) and Fulton’s (1. c.) findings and conclusions that 
Oloeosporium Umctticolum is an active pathogene of the lime.** How¬ 
ever, we differ from their views and also the views of Winston (44) 
as to the pathogenicity of Collelofrichum gloeosporioides. Quoting 
Fulton: “Winston, in connection with his studies of citrus tear 
stain, was unable to find, among numerous strains of C. gloeospo- 
rioiihs tested, any indication of active pathogenicity on very young 
fruits of various citrus species.” We found during the past year a 
heavy shedding of the young fruit of lemon, orange, and pomelo. 
The cause for a considerable part of this shedding was found to be 
C. gloeosporioides .* All strains from the hosts used in this investi¬ 
gation were obtained from such fallen small fruits. Thus, our po¬ 
sition, in this question will be that f. gloeosporioides is, at least under 
Porto Rican conditions, an active pathogene, 

A brief history and discussion of the diseases are given in this 
paper and cross-inoculation experiments and cultural characteristics 
are presented in detail. 

Part I 

ITISTORV AND DESCRIPTION OP TORSE DISEASES 

Anthracnose of Citrus Trees other than Limes. ( Collctolrichum gloeosporioides 

Penz.) 

The causal fungus was first studied and described by Penzig in 
1882. In 1904 ; Rolfs (29) described the disease from Florida. In 

* Ihib opinion ib based on the studies of Porto Rican material with reference to the 
published literature and not on the examination of the tjpe material 
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1909, it was reported from Porto Rico by Fawcett (14) and in the 
same year, by Essig (13) from Santa Paula, California. Other 
reports record the disease in Cuba, Australia, Italy, Malta, Jamaica, 
Mexico and Brazil. 

The disease occurs as a fruit and leaf spot, fruit drop and as 
a wither-tip of twigs. The symptoms are like those of the lime 
anthracnosc except for the fruit and leaf spot. Spots of leaves 
occur only on debilitated or weak parts of the tree and only on old 
leaves. Fruit spots are to be found when the fruit has been bruised 
or injured. The fungus will enter through wounds and in moist 
weather particularly will produce a rot which progresses rapidly 
into the core resulting in a blackening of the tissues and seeds. The 
spots grow to be 5-6 cm. in diameter. The color of the spots is at 
f'rst fleshy but later changes to a mummy brown or a chestnut brown. 

This fungus in Porto Rico was found to bo the cause of a heavy 
drop of the young fruits of the orange, pomelo and Chinese dwarf 
lemon, when *4 to 1 or 1 J 4 inches in diameter. The drop oeeurred 
during the month of May and was especially destructive in the 
\ieinity of the Station and in the Bayamon district. The conditions 
prevailing at the time were warm weather with heavy rains. The 
young fruit when gathered from the ground showed a distinct browning 
a 4 the stem end. When cut longitudinally the inside was found to 
vary from a fleshy to brown color and this coloration marks the 
progress of the fungus outward to the blossom end. The fungus has 
been isolated from bits of the tissues of the inside of orange, lemon, 
and pomelo fruits exhibiting these symptoms. The fungus was also 
found on grapefruit flowers which had dropped to the ground and 
on the spurs from which the fruits had fallen. 

Anthracnose of Limes. 

Nowell (26) reports that an epidemic of the fungus Oloeosporium 
ImetHcohm oeeurred in Trinidad in the months of July and 
August, 1918. From that time the disease spread, resulting in a 
failure of the lime industry there. The disease also occurs in British 
Guiana and in 1919 Nowell found the fungus on material sent from 
there. He also gives account of the appearance of the disease in 
Dominica in 1922. Other reports show it to be present also in Cuba, 
Jamaica, Australia, Italy, Brazil, Malta and Mexico but it has not 
been found in California. 

The fungus attacks tender foliage, blossoms and fruits. On young 
shoots the disease commences on the unopened whorl of leaves which 
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soon die, and from there progresses down for 3.5 or more centimeters. 
In our inoculations on small seedlings we have observed a similar 
effect. Fruiting bodies of the fungus appear rapidly on the surface 
of dead twigs under favorable moisture conditions, thus furnishing 
a constant source of inoculum. 

On the inflorescence the disease may be described as follows: 
On unopened buds small brown discolorations appear. These grow 
in all directions and ordinarily cause the falling of the buds before 
they open. On expanded flowers the characteristic discolorations 
occur on petals, stigmas and styles but are most common on the 
stigmas (see fig. 2). There is much shedding of young fruit and 
in badly infested trees it is very seldom that we find healthy fruit. 

Fruits that survive the period of greatest danger of infection 
ruay be attacked later. Cook and Horne (9) stated that infection 
of sour lime did not take place after the fruits were well set and 
Clausen (5) supports the same view. Wo have covered flower 
cluster's with paper bags before the opening of the flower *4uds and 
when the fruits were about one-half or three-fourths of an inch in 
diameter the bags were removed. The fruit whieh appeared healthy 
was thus exposed to inoculation. Later observations showed tliat 
more tliau 50 per cent of such fruits took the disease, the cankers 
being produeed as under normal conditions except that they were 
smaller. In that case circular to oblong spots which vary in size 
from 1-3.5 cm. X 2 cm. appear on the surface. At first the spots 
are brownish but with increasing size and age they turn to a fleshy 
color and the skin of the fruit is ruptured or cracked in many 
places, producing the characteristic cankers. In some eases the 
cracking is so pronounced and rapid that it includes a part of the 
adjacent healthy tissues. This cracking may occur in two directions 
but ordinarily, in one. Jt is not uncommon to see the fruit split 
along its whole length or width. The writer has seen some eases 
in which the rupturing of the skin or rind has progressed in both 
directions along the same path; i. c.„ a longitudinal rupture has 
turned to the side and worked its way transversely, or vice versa, 
making a circular split around the fruit. The vesicles of the fruit 
are exposed on rupturing of the rind and carpel membrane, and 
there always seems to occur an abnormal enlargement of the same. 
There is also a gumming exudation. 

Mango Anthracnose. 

The first report of a mango blight appears to have been made 



THE ANTHRACJNOSES OF CITRUS FRUITS, MANGO AND AVOCADO 29 


by Cobb. (6a) in 1894. The symptoms of the disease are spotting 
of the leaves and fruit and a blighting of the blossoms. The spots 
on the leaves range from 5-10 X 7-25 mm. Some of them extend 
from the margin, between the main veins, toward the midrib. In 
some instances two or three spots coalesce, forming irregular areas. 
Jt appears that the fungus starts growing on both sides and midway 
between the midrib and the margin of the blades. The spots increase 
in size and extend to the margin. The center of the spot is ochra- 
ceous-orange 1 at first, becoming cinnam on-rufous with age. This 
particular spotting has been found in only one instance. On the 
fruit the disease appears as very small brown spots. These spots 
enlarge very soon), especially under moist conditions. With the 
increase in size of the spots there is an intensification of their color 
to almost black and splitting or cracking of the rind and a sinking 
of the affected area included in the spots. The spots very often 
coalesce, forming large irregular areas which sometimes cover the 
entire rirnl of the fruit. The spots are commonly found at or around 
the stem end region. Streaking is seldom observed in Porto Rico. 
The damage done to the fruit is very great and this seems to be true 
in other places. 

The blossom blight is particularly destructive in this Island. 
The fungus attacks open flowers and young flower buds and may 
result in the destruction of the panicles. Various writers have 
established a definite 1 relation between weather conditions and the 
damages done 1 by the disease on the blossoms (Villins (7) f rom 
Porto Rico and Iliggjns (19) from Hawaii state that the heavy 
rainfall together with a continued cloudy, wet weather, are re¬ 
sponsible for a small crop of poor quality mangoes. The same seems 
to be true in Guatemala and Mexico. Tn this connection, Nowell 
(26) says that with blossom blight “the loss may be small or may 
be great according to the conditions prevailing'\ 

MoMurran (26) says: “The production of good crops of mangoes 
in Florida and throughout tropical and subtropical zones generally 
is very definitely related to the weather conditions at blooming 
time. Large crops cannot be expected when the weather at this time 
is moist and showery. This may be due to some extent to imperfect 
pollination, but the trouble is chiefly caused ifi Florida by the an- 
thracnoso fungus (Colletofrichum glorosporiaidcs )Our obscr- 
\ations lead us to support that view. 

1 Color characters throughout the paper are based on Kidway’s “Color Standards and 
Nomenclature”. 
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Avocado Anthracnose. 

The first report of the disease seems to be from Cuba by Cook. 1 
Korer (30) reports it from Trinidad in 1910. Later reports come 
from Porto Rico by Stevenson (38) in 1918, and from Florida by 
Stevens <37) in 1922. The disease appears as a blossom blight, 
fruit rot and a leaf spot. The effects and appearance of the disease 
on avocado blooms is similar to those of the blossom blight of the 
mango. Small black spots or specks appear on the small flowers 
and result in their dropping. Flowers may also have their growth 
retarded and the young fruits may shed later. Blossom blight 
seldom occurs in Porto Rico. The shedding of the blossoms is almost 
entirely due to imperfect pollination. 

On the fruit the symptoms of this disease are as follows: Spots 
appear over the surface as small light-brown discoloration^ of the 
skin of the fruit. They enlarge very rapidly, the color at the same 
time changing to olive-brown or black. This color corresponds to 
older growth while the younger growth (one-day old) is marked by 
a very light-brown ring or outer progressing zone. The fungus 
penetrates into the flesh and may even extend to the seflS, which 
remains unaffected. There is a marvelous rapidity of rotting which 
makes the fruit useless. Our experiments with ripe and unripe 
fruit indicate that the fungus grows very slowly until the fruit 
begins to ripen. Inoculated unripe fruit is apparently unaffected 
until it begins to ripen; it is then destroyed in a very few days. 
The writer has found that the rotting is very prevalent in the market 
on fruits from which the stem has been removed. The Porto Rican 
farmer is not careful in the picking of the fruit, which he does by 
shaking the tree. This method gives many chances for inoculation 
of the fruit through w T ounds. 

The symptoms of the disease on Guatemala varieties grown in 
Porto Rico are as follows: Small brown spots appear over the surface 
of the fruit. These spots grow slowly on unripe fruit, but on ripe 
fruit they enlarge and become sunken and black; cracking of the 
skin may occur around the spots. If a fruit is opened, making the 
cut through a spot, the rotting will be seen to have progressed more 
deeply in the center of the spot than on the sides, thus resulting in 
a concave rotted region. The cracks which result from the invasion 
of the fungus liyplia* open the way for the entrance of saprophytes 
which greatly aid in a rapid destruction of the fruit. 

1 Or Mel T Cook has stuted personally to the writer that ho found tho disease in Ouba 
during his stay at the Estaeidn Centrul Agrondmica in the years 1902-1004 
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Part II 

CROSS-INOCULATION EXPERIMENTS, CULTURAL CHARACTERISTICS, ANI> 
MORPHOLOGY OF THE PATUOOENES 

Oross-lnocnlatlon Experiments. 

Inoculation experiments have been conducted by various workers 
on different anthracnose organisms. Stoneman after working with 
anthracnoses (41), says that we must not depend too much upon 
results from cross-inoculations in the laboratory, since, under the 
conditions prevailing, the hosts act as culture media. Cobb (6b), 
Laubcrt (22) and Shear and Wood (31) are of the opinion that 
anthracnose fungi adapt themselves to a wide range of conditions. 
This makes careful experimentation necessary in order to make sure 
of the relations existing between the hosts and the parasites. Toro 
(43) conducted detailed studies with Glocosporium musarum Cke. 
& Mas. and arrived at a similar conclusion. 

The writer has performed inoculation experiments with the 
various organisms on different hosts under laboratory and field 
conditions. The organisms were isolated from the different hosts 
and each was designated according to its host; i. e. 9 the anthracnose 
fungus from the orange was marked, thus, (); that from the pomelo, 
P; that from the avocado, Av.; from the mango, M; from the lime, 
L; and from the lemon, Le. As there were a number of cultures 
from each host, the culture number was given after the eorresponding 
host. Thus 1j( i was used to signify culture No. 1 from the lemon; 
L 1 to mean culture No. 1 from the lime; 0 J , culture No. I from the 
orange, etc. The source* of all cultures is as follows: M 1-M 15; 
and M 22-M 110 from ripe mangoes (native and imported varieties) 
from various places on the Island; M lfi-M 21, from blighted blos¬ 
soms; P 1-1* 7, young dropped pomelo fruits; P 8-P 10, pomelo 
flowers, (> 1-0 10, young fallen orange fruits, Le 1-Le 5, young 
fallen lemon fruits (Chinese dwarf lemon); L 1, L 2, L 3, L 22, 
L 24r-L 2(>, from lime fruit spots or cankers; L 4, L 5, L 10, L 21, 
from lime withered twigs; L 6, L 7, L 8 and 14-L 18, from lime 
leaf spots; L 9-L PI, from lime thorn spots; and L 23, from lime 
vithered twigs from inoculation with L 3. 

Isolations were made from fruit spots ajul rots mainly, in the 
case of citrus hosts; however, isolations were also made from the 
withered tips of twigs, spotted leaves and blighted blossoms of citrus 
and from blighted mango blossoms as well. 

In the fruit-inoculation experiments, all fruit were first washed 
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in a 1: 1000 mercuric chloride solution and finally with sterile 
distilled water and then placed in moist chambers, which had been 
washed in the same solution. Needle-prick inoculations were practiced. 
All trials were made in triplicate. The results are given below: 

Inoculations on Ripe Mangoes .—Inoculations with all cultures 
from mango, pomelo, orange, lemon and lime 1, 3, 9-12, and 23 
produced large brown to black spots, characteristic of the disease on 
mango. All cultures from the lime except those given above pro¬ 
duced slight discolorations of the tissue around the point of inocu¬ 
lation but these discolorations wen* not characteristic of the disease 
cn mango. 

Inoculations on A vocados. - Inoculation on ripe fruits with Av. 
1 ; M 17, 18 and 20; PI; 01; and lime cultures Nos. 1, 3 and 23, 
produced mummy-brown discolorations of the skin and rotting of 
the fruit. The same cultures when green fruits were inoculated 
did not show any effects until the fruits began to ripen. Inoculations 
with lime cultures Nos. 2, 24, and 26 on both ripe and green fruits 
produced a slight discoloration around the point of inoculation. 

Inoculations of Lime Twigs- These twigs >vere inoculated with 
spores from natural lesions and with spores from cultures. The 
inoculations were made from a spore dilution in water applied to the 
twigs w r ith an atomizer or a camel's hair brush Some of the twigs 
were injured and others wen* left uninjured They w r ere covered with 
manila bags A fine mist of sterilized water was sprayed into all 
the bags every day after T> p. m. The inoculations were made with 
spores from aeervuli on mango, avocado, pomelo and lime. Also 
with spores from eultures grown from aeervuli on mango, avoeado, 
and pomelo; also with spores from the aeervuli on lime; spores 
fiom the lime eultures 1, 2, 3, 23 and 24. All the above inoculations 
on lime twigs produced wither-tip and leaf spot 

Imputations of Lime Fruits — The lime fruits were inoculated 
vitli tin* same organisms and in the same manner as the lime twigs. 
Tin* results in all eases w T ere negative except in the ease of fresh 
spores from tin* lime and those* from culture L 2 and L 24 in which 
eases small, cankerous spots were produced. 

Inoculation of Vomelo S( idlings .—These seedlings were inoculated 
in the same manner and with the same organisms as the preceding. 
In all cases a witlicr-tip and leaf spot were produced except when 
the fresh spores direct from the lime and those from eultures Ij 2 
and L 24 w r ero used; in which eases there was no reaction. 

On Mango Twigs. —Needle-prick spore-spray inoculations were 
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made on the unopened buds of a new growth, and during rainy 
weather which insured a rapid growth of the host. Spores were 
used from acervuli on avocado, mango, and pomelo, from cultures of 
L 1, L 3, L 23, and L 2, L 24 and L 26. 

The effect of all inoculations except those with L 2, L 24, and 
L 2<> was as follows: Rapid dying of the young twigs causing small 
leaves of the young buds to shed comparatively early. Ten days 
after inoculation, the dying of the twigs had progressed downward 
about 3 cm. Infection is first manifested by slight browning or 
darkening of the adjacent tissues, then the twigs turn black (see 
%• 3). The results with L 2, L 24 and L 26 were negative. 

On Avocado Twigs .—The same general plan of inoculation and 
with the same organisms was followed as with mango twigs. All 
inoculations showed negative results. 

SUMM \R\ CONCERNING THE RESULTS OF INOCULATIONS ON POMELO 
SEEDLINGS, LIME TWIGS, LIME FRTJITS, MANGO TWIGS, AVOCADO 
TWIGS, RIPE MANGOES, \ND GREEN AND RIPE AVOCADOS 

The results on these hosts tend to separate the cultures used in 
the foregoing inoculations into two groups: Group 1, consisting of 
all cultures from the avocado, mango, pomelo, possibly orange and 
lime cultures Nos. 1, 3 and 23; Group //, consisting of cultures 
L 2, L 24 and h 26. 

It was especially noticeable that cultures which produce the 
onthacnose of mango, avocado, orange, pomelo, and some producing 
wither-tip of the lime in nature, were not able to produce the lime 
fruit spot or canker. This peculiar characteristic makes the above 
separation into groups more important. It is also apparent that 
these antlirocnose-produeing fungi have no effect on avocado twigs. 
Mango twigs when tender seem to be susceptible to the attack of 
•Colletoirichum gloeosporioides. At least, this appears to be true 
under experimental conditions. 

Cultural Characteristics. 

The writer has made a careful study of the comparative behavior 
of the fungi under consideration on different media. A large variety 
of media have been carefully prepared and used in this work. All 
sugar media used were sterilized in the Arnold steam sterilizer; all 
other media in the autoclave at 20 pounds pressure for 30 minutes. 
Only 10 c.e. of the medium was put in each tube. All petri plates 
used were of the same size. All plates were poured the day previous 
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to inoculation. Inoculations were made during the morning. They 
were made in triplicate for each culture and the tests were twice 
repeated. Growth was measured in centimeters in diameter at the 
end of seven days for solid media in petri plates. For liquid media 
growth was estimated by rapidity of growth and character of the 
substratum. Color changes were carefully noted and recorded. The 
results are given in the following pages. Tables and plates are here 
presented. 

Rate of Colony Growth. 

The growth of the colonics of each culture on 2 per cent nutrient 
glucose, 2 per cent nutrient saccharose, 2 per cent nutrient lactose, 
2 per cent nutrient-dextrine, oat-meal, wheat-flour, and corn-meal 
agars was measured at the end of seven days and the results given 
as centimeters in diameter of colonies. 

For convenience, all cultures from each host exhibiting a close 
relation in size in diameter of colony were grouped together. Table 
I includes the maximum, mean and minimum sizes of each group of 
colonies. ** 

From ail examination of Table I, it will be seen that there is 
a very sharp line of demarkation between Group 6, which includes 
cultures Ij 2, L 4-L 8, inclusive, L 3 4-L 22, inclusive, and L 24-L 26; 
and all other groups under which all mango, avocado, pomelo, lemon, 
and orange cultures with L 1, h 3, L 9-L 38, inclusive, and L 23 
cultures* Thus, the means in all media for Group 6 run from 4.255 
to 4.96 cm in diameter and minimum growth was 4 to 4.80 cm. 
with the maximum growth being 4.40 to 5.60 cm. in diameter; while 
measurements for the other groups taken as a whole are: mean^ 
6.28 to 8.04; minimum, 5.0 to 8.0, and maximum, 7.0 to 8.5 cm. 

Therefore on the basis of colony size we will place tentatively, 
all cultures of Group 6, under one species and call it Gloiosporiwn 
linutiicolum Clausen, including cultures L 2, L 4-L 8 inclusive, 
L 14-L 21, inclusive, L 22, L 24-L 26 inclusive, and also L 4r-L 8 
inclusive. This will constitute Main Group 1. All other cultures 
(L 3, L 3, L 23, all mango cultures, all avocado, pomelo, orange and 
lemon cultures) under another species Colhtotnchum glovosporioides 
Penz. This will be Main Group 11. 

Growth characters (size of spores, zonation, color of both culture 
and substratum, character of mycelium, etc.) of all cultures have 
been carefully observed with special reference to color behavior, on 
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2 per cent glucose-nutrient agar, 2 per cent saccharose-nutrient agar, 
2 per cent dextrine-nutrient agar, oat-meal agar, and corn-meal agar. 

We have worked with carbohydrate media mainly since these 
afford a good working basis for the separation of strains and even 
Rpecies. Ravn (28) in studies on the genus Hclniinthosporium, finds 
a relation between carbohydrate nutrient and blackness of the fungus. 
Stevens and Hall (34) have found good data on other fungi to 
support this view. Color phenomena in fungi have been studied 
and discussed in several papers by Smith (32), Stewart and Hodgkiss 
(40) and Iledgccock (18). Relation of carbohydrate nutriment to 
color has also been established by Stevens (36). He found in his 
studies on Hclmivthosporium that the colony changes black in the 
region of the carbohydrate. 

In our studies green or olive and brown discoloration of the 
substratum has been observed with a large number of cultures of 
the mango, avocado, orange, lemon, pomelo and a few of the lime 
cultures ( Colletotrichum glocosporioides). Most cultures from the 
lime pathogene ( Glocosporium Imetticolum Clausen) show a light 
salmon-orange to apricot-orange or colors approximating these. 

An attempt has been made to simplify the rendering of the 
results giving them in tabular form. All cultures which are alike in 
their effects on Ihe media were grouped together in each particular 
medium. In this way differences between cultures are easily noted 
and the separation of the two species C . glo(osporioi<le s’ Penz. and 
G . Iimetticolum Clausen is made possible without great difficulty. 
The results are given for the glucose and corn-meal agars, in Tables 
11 and 111. The results and observations on the other media are 
omitted for brevity. 

Cultures whieli on one medium fall under a certain group may 
belong under another group for some other medium. The relation 
between cultures which belong under the same species is thus 
established. 

It is striking that cultures of (J. gloeosponoides from mango, 
avocado, orange, pomelo, lemon and lime (Nos. 1, 3, 9, 10, 11, 12, 
13 and 23 cultures) differ so much in cultural characters from those 
of G. limelUcohm Clausen (lime cultures No& 2, 4, 5, 6, 7, 8, 14, 
15, 16, 17, 18, 19, 20, 21, 22,*24, 25, 26). A similar difference has 
been previously pointed out in relation to colony size. 

Color behavior, character of mycelium and character of substratum 
of all mango, pomelo, orange, lemon and a few lime cultures Nos. 
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1, 3, 9, 10, 11, 12, 13, 23) are more or less similar. The avocado 
group is different. Our studies with the avocado cultures have not 
been very extensive, and therefore we are leaving them under the 
species Golletotriehum gloeoxporioides Penz. Lime cultures Nos. 2, 
4, 5, 6, 7, 8, 14, 15, 16, 17, 18, 19, 20, 21, 22, 24, 25 and 26 maintain 
a close relationship in the different characters of growth and develop* 
ment. The most peculiar character is the scanty mycelium in most 
oT them. 

The size of the aecrvuli is almost constant for the cultures of 
each species. The number of acervuli varies with the different 
(ultures with both C. glocosporioidss and (}. Unu tlicolum. The acer¬ 
vuli of the former species are larger than those of the latter. 

On the basis of growth character discussed above we are holding 
Clausen’s ( 5 ) division into two species to be correct. Of greatest 
importance are the following characters: Colleiolrickum glocospo- 
tioidcs: aerial mycelium white or dark, profuse, sometimes fluffy; 
of rapid development; acervuli numerous in most strains, large; 
substratum brown, green or olive or shades of these two latte%colors. 
Gloeosporium Imctticohm : mycelium scanty in most cultures, white; 
acervuli small, numerous in most strains; substratum light salmon- 
orange or apricot-orange. 

Effect of Reaction. 

All cultures were grown in bouillon of different acid and alkaline 
concentration, i. r +40, +45, —40, —45, Fuller’s scale. The 
same general method as for solid mcdiai was followed; i. c., triplicates 
of each culture on every medium. The tests were made twice. 

Growth was recorded at the end of ten days and the rate or 

amount of growth given as + + +,++,+, H-, and no growth. 

Much growth was expressed by + + +, fair growth by f- +, some 
growth by +, and very little growth or slightly noticeable was 

expressed by -f-. The results are presented in Table IY. The 

+45 concentration is deleterious to all cultures and —45 to all except 
the avocado cultures. The G. limetticolum cultures do not grow in 
any of the four concentrations, so it seems probable that they must 
cease development at lower concentrations. The Cl. glocospoinoides 
cultures from the mango produce a fair growth in the +40 concen¬ 
tration, and those from the pomelo, orange, lemon, avocado and 
lime (L 1, L 3, L 9-L 13 inclusive, and L 23) some growth. Here 
again we have been able to verify Clausen’s conclusion that there 
are two different species. 
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8ise of Rpe*M. 

To throw more light on the differential behavior of the different 
cultures as influenced by different nutrients, comparative measure¬ 
ments were made of spores from seven-day-old cultures in various 
media and from natural sources. 

Five hundred spores from each culture on glucose agar were 
measured for their lengths and widths. The spore-length table is 
emitted a matter of brevity. 

A constant variation was found in length of spores of the dif¬ 
ferent cultures while the margin of the width differences was very 
narrow. From our results it appears that spore size is not a very 
reliable basis for the determination of species. Ilowever, Toro ( 43 ) 
in his studies on banana anthracnose distinguishes eleven strains of 
(tlocosporium musarum Cke. & Massee on the basis of spore size. 
Burger ( 2 ) finds differences in strains of Vollctofrtchuin gloeosp»ri- 
oides Penz in regard to spore size. The same relation is established 
by La Rue and Barlett ( 21 ) with I\st<dozzia giupini Dcsm., Stackman 
and Piemeisel ( 33 ) with Piucinia graminis Eriks, & Hern., Leach 
( 23 ) with VolU fotric/nnn livdf mutluamnn (Sacc. & Magn.), Brios 
and Cav. and Christensen ( 4 ) with JldminthosporiuM \ahvum 
(Pummel), King ami Bakke. 

Mean length of spores of cultures of ('olU toirichum glocospo - 
rioidts and (Uoiosponum lnn< IticoUun on glucose agar are shown in 
Table V 

There is a range of 14.32 dL 0.023 to 22.51 _L 0.0798 mierons. This 
means that with the fonner there is a wider range of mean length 
than with the latter and at the same time the shortest lengths are 
met with in (iloeosporntm limitItcohnn cultures. 

It was found that many cultures approached each other in mean 
length of spores, which made it possible to classify them into groups 
on the basis of mean spore length Table VI slunvs the classification. 

It w r as also noted that there were many cultures wuth the same 
modal lengths so a classification was prepared* on this basis. This 
classification is given in Table VII. 

The range of variability of spore lengths of a large majority of 
the cultures, judging from the preceding tables, is not very great and 
a correlation between this Character and that of cultural charac¬ 
teristics and host behavior has not been established. 

Burger ( 2 ) in his investigations of variation within Voile toirichum 
gloeosporioides found that many strains had the same mode for their 
spore lengths. Our findings verify this conclusion and at the same 
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time prove that variation also exists in the fungus Oloeosporium 
limetticolum. Cultures of Coll( totrichum gloeosporioides maintain 
a similar relation toward cultures of Oloeosporium limetticolum. 
Thus, L 1 which falls under the C . gloeosporioides group has the same 
modal length as L 2 of the G. limetticolum group, as shown by Table 
VII. Likewise, L 23, L 9-L 13 inclusive, have the same mode as 
L 14-L 21; the former belonging to C. gloeosporioides and the latter 
to O. limdticolum . The same relation exists between the cultures 
of C. gloeosporioides from different hosts as that occurring among 
individual cultures from t he same host. 

Effect of Medium on Spore Length. 

In the study of the effect of media on the cultures it was soon 
observed that variability exists according to the medium. Spore 
length measurements were made from four media by the general 
plan followed in the preceding chapters, and the mean lengths 
calculated (sec Table VIII). 

The greatest mean length seems to occur on the dextririi and 
glucose agars for most cultures The lowest mean lengths appeared 
on the saccharose and oat-meal agars. From these results it might 
appear that on starch media the spore length is shorter. Ilowever, 
we do not have enough evidence at hand to arrive at a definite 
conclusion. 

Lengths o£ Spores in Nature. 

Spores were measured from fruiting masses or acervuli on mango 
blossoms, mango fruits, avocado fruits, lime thorn spots, lime leaf 
spots and lime twigs (see Table IX). 

The length of spores from mango blossom varies from 13.19 to 
19.04 microns with a mean of 16.87 dt 0.036 microns. The range of 
variation of spores from the fruit is wider than that of those from 
blossoms and the mean length is greater. The spores from the avocado 
have a minimum length falling under the range of minimum lengths 
ot spores from the lime. The upper range or maximum length of 
spores is greatest for the spores from the lime twigs and leaf spots. 

The measurements of spores obtained from pustules on lime thorns 
show some similarity to those of the spores from the mango and the 
avocado. This is further evidence that spotting on lime thorns is 
frequently caused by the fungus (C. gloeosporioides) causing the 
antliracnose diseases of those fruits. Our previous experiments and 
observations with cultures L 9-L 13 inclusive, obtained from lime 
thorn spots, show similar results. 
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Variation of Spore Widths. 

The range of variability in width of spores was not so great as 
that for the lengths. See Table X. There is a constant, although 
not great variation in the mean width of the various cultures. 
However, the minimum and maximum widths are common for a large 
number of cultures. 


MORPHOLOGY 

Occurrence of setae. 

Setae have been but rarely found under natural conditions. They 
were observed on blighted mango blossoms kept in a moist chamber 
and on citrus leaves, but not on lime fruits. Most cultures of C. 
glocosporioidcs produced setae in carbohydrate media while no setae 
were ever produced by cultures of Glocosporium limetticolum under 
similar conditions. 

Rolfs (29) reports seta* of (\ gloeosporiaides on oranges but 
says that they are frequently absent on tender lime twigs, and on 
“lime fruits usually absent”. Clausen (5) uses the absence of setae in 
the pathogen to distinguish lime wither tip from that of other citrus 
fruits. Nowell (26) takes a similar position. Our observations prove 
that the absence or presence of setaa* will vary with the environment, 
and while not attaching much reliability to this characteristic, we are 
inclined to support Clausen’s (5) conclusion. Ktoneman (41), Edger- 
ton (21) and Shear and Wood (31) hold “That the seta* are variable 
as to presence or absence and that they are not reliable morphological 
characters to use in separating genera.” 

Conidiophores and Conidia. 

All cultures of G. limetticolum develop conidiophores which are 
light or almost hyaline, those of cultures of C. gloeoaporioides are 
slightly darker. Conidiophores from the avocado cultures of (J. gloe- 
osporioides &eem to differ somewhat from those of the other cultures 
in shape and slightly in size and color. They are as a rule very light 
in color and broad at the middle with constrictions on both sides of 
the broad portion frequently occurring, and with pointed ends or even 
bases. They may be smaller than the conidiophores of the other 
cultures (see figs. 19, 20 and 21). 

Clausen (6) uses the shape of spores as a strong point in dis¬ 
tinguishing G. limetticolum tram C . gloeosporioides . He describes 
the spores of the two species as follows: 


“The conidia of the common wither-tip fungus have a peculiar very char¬ 
acteristic form. Typically one end is rather rounded, the other end is blunt, but 
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more or Iobs obliquely truncate, and there is slight constriction at the middle of 
the spore. The conidia of the pathogenic fungus have one or both ends more or 
less pointed with very little tendency toward constriction at tho middle . 19 

We have not found such differences existing between them on 
either spores from the natural source or those from cultures. Tho 
blunt end of the spores is just as true of C. glocosporioidc s as of O. 
limettieolum (see figs. 8 and 9), and eases of the two ends being 
pointed have been found in both species (see figs. 12 and 13). Con¬ 
striction of the spores although not frequent, occurs with both species 
(see figs. 10 and 11). 

Vacuoles are more numerous and larger in the case of G. timet- 
ticolxm , especially is this true of spores from cultures (see figs. 14 
and 16). The medium seems to have an important relation on spore 
shape and form. All forms have been noted with both (). gloeospo - 
rioidcs and G. limdtieolum in different media. Some are constricted 
at various places, others are very long and thin, while others are 
short and wide*. Still others art* very wide at one end aqfl very 
narrow at the other, being more or less flask-shaped (see figs. 17 
and 18). 

The character of conidia still remains a rather doubt fid or confus¬ 
ing basis in the distinction between Collet of rich um glo( osporimdes 
and Gloe os portion limdtieolum. 

• KUMMYUY AND CONCLUSIONS 

(1) Voltctotrichnm gloeospormdt s Penz appears to be the cause 
of the anthracnose diseases of mango, orange, grapefruit, lemon, 
avocado, and sometimes of lime. 

(2) Lime wither-tip may be* caused by either C. gloeosporioides 
or Gtocosporium limettieolum Clausen. 

(3) C(dlefotridnim ()1o< osporiouti <? Penz. frequently causes spot¬ 
ting of lime blossoms and the wither-tip. It is also the cause of the 
spots on lime thorns. The latter is demonstrated by cultures Ij 9- 
L 13, inclusive, which behaved like other C. gloeosporioides cultures 
and very distinct from cultures of G . limettieolum. 

(4) GlO( osporium limdtieolum Clausen is the cause of wither-tip 
and leaf spot of limes. 

(5) G. limdtieolum appeal’s to be the only cause of fruit canker 
or fruit spot of limes. 

(6) Under artificial conditions the various cultures of C. gloeo¬ 
sporioides and G. limetticolum exhibit distinct cultural characteristics. 
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(7) Cultures from the avocado differ somewhat from cultures 
obtained from other hosts in cultural characteristics. The difference 
roay not furnish enough evidence for their separation into a new 
species. 

(8) There are such differences between most cultures from the 
lime and all cultures from the other hosts that Clausen’s (5) sepa¬ 
ration of the former into a distinct species appears to be justified. 

'0) The four most salient growth characters in which cultures 
of C. gloeosporioides varied from cultures of G. limetticolum or 
such cultures among themselves are: (a) size, number, and arrange¬ 
ment of acervuli; (b) color of acervuli and substratum; (c) 
character of aerial mycelium; (d) size of colonies. 

(10) (\ glocosporioules can resist slightly more acid or alkaline 
concentrations than G. linu tiieoluin. 

(11) Seta 1 arc occasionally present in V. gloeosporioides and 
al>scnt in G . Iwutiicohm. 

(12) Variation in spore size is induced by the culture medium. 

(13) There is great morphological similarity between G limel - 
hcolum and <\ gloiosporioidis. 

(14) Environment induces variation in form and shape of spores. 

(15) The character of conidia appears to he rather uncertain 
for distinguishing between Glofosporium hmeilicolnm and t'olleto- 
tricMtm glocosporioules. 

The writer wishes to acknowledge* his deepest appreciation to 
Dr. Mel. T. Cook, Chief of the* Division of Botany and Plant Pathology, 
under whose direction this work has been conducted; whose never- 
failing encouragement and advice together with much valuable and 
helpful criticisms aud suggestions have made the preparation of 
this paper possible. 
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Tabu n 

Characters of Growth of All Cultures on 2 Per Cent Nutrient Glucose Agar. 
The cultures arranged into groups according to character of growth. 


GROUP i 
M 1, M 12, 
M 3, M 4, 
M 5, M 6, 
M 20, M 21, 
M 16, M 17. 

GROUP IT 
M 7-M in, 
M 22 -M 27 . 


GROUP in 
1 > 2 , P 3 , 
I* 4 , P 6 , 
P 7 , P y, 
P 10 . 


GROG I* 1\ 
P 1 , P 8 , 
i* r>, o i, 
o 3-o r», 

Av. 6. 

GROUP V 

o a, 

liK 1—1 iC 5. 


GROUP VI 
L 5 -L 8 , 

I. 22 , L 24 , 
1 , 25 , L 4 , 

Jj 2 

GROUP \n 

L 14—L 21, 

GROUP Mil 
L 3 , L 23 , 
L 1, 

lj y-L 13 . 

GROUP IX 
Av. 1 Av. 6. 


GROUP X 
M 18-1y 


GROUP XI 
L 26. 


Aceivuli largo, numerous, in /ones; buck-red in color; sub¬ 
stratum: zones of dark giccnish-ohvr with some brick-red marks 
underh ing the masses of acervuli; older growth underlaid by 
mars hi own color; in \ folium profuse in long tin ends; white in 
some colonies; grayish or daik in others. 

Acervuli large, numerous, soiled or not, all shades of color 
from yellowish olive to olive or dark-grccnish-o\\vv. Brown spots 
underlie some of the acervuli masses. Aerial nrveelium profuse, 
dull white to dark in color III some colonies the aceivuli are 
salmon in color with biowntsh olive or mumui> brown substratum. 

Acervuli huge, numerous, zoned or not, all shades of color 
fiom light ocliraccous-huff with olive markings to ochraci ous-buff 
with substratum underneath the accmili of a cinnamon rufous 
coloi anil brownish-olive in the inner zones. The medium under 
the old growth changes in some colonies to almost dark blown, 
or blaek Mycelium pi of use, whitish 

\cei\nli large, numerous, zoned, pale ochraeeous salmon. Color 
of substratum underneath the acervuli is ferruginous. Concentric 
ferruginous markings on colony. Aerial mycelium profuse 


Aceivuli large, numerous, zoned or not, oehraeeous-salmon; 
substratum shows ochiaceous salmon discoloration and much cin 
nanion brown or e\en ochiaceous buff with cinnamon-brown. My 
iclium profuse, (h more profuse than the otheis 

Acervuli small, numerous or few, not zoned, light-salmon or 
unge, mycelium in foim of »* r> slant whitish threads. 


Acemili small, numeious, not zoned, substratum uni hanged, 
piofusr, dull white. 

Acemili large, numeious, more oi less zoned, flesh coloi. Sub 
stratum: ferruginous to Kaiser-brown w T ith hioinnsh olive zones 
oi liesli-ochei. Aerial mycelium piofuse whitish dull. 

Acervuli large numerous in old colonies, in young colonies only 
in central portion, rufous. Masses of spores borne on the aerial 
mycelium around the center of the colony are gienadme pink to 
light salmon-orange. Acervuli zoned or not. Mycelium w’hito 
(snow); profuse, fioecose, the Jong tufts radially arranged. The 
power for mycelial growth is remarkable, the tufts reaching the 
top dish and spreading under it. 

Acervuli large, •numerous, perfect zonation, apricot-orange in 
color. Nearly always have cent ml poll ion of colony of a gray 
mycelium. Tufts of gray mycelium also occur throughout the 
young growth. 

Acervuli small; numerous, apricot orange in color; central 
portion of colony is bluish-black. 
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Tjuh*e III 

Growth Characters of All Cultures on Corn-Meal Agar. 
They are arranged according to these characters. 


GROUP I Acervuli large, numerous, zonation not distinct, salmon; sub* 

M 7-M 11, stratum: dark grayish-olwe ; mycelium white, dark or gray, pro- 
L 33, Ij. 1. fuse. 

GROUP II Aconuli large, numerous, rufous or apncot-orangc. Bubstra- 

M 10. turn: rufous or apricot-orange along the edge of colony dark 
grayish-olive ; mycelium fair, dark. 

GROUP III Acervuli large, numerous, ferruginous; substratum greenish - 

p 1-P 4. ohm; mycelium moderate, white or dark. 

GROUP IV Acervuli large, numerous, light salmon orange or flesh-ocher; 

p fi-P 10, mveelium scanty in some cultures, profuse in others. 

0 1 . 


GROUP V Acervuli laige, niuneious, moie oi less zoned, ochraecous sal- 

\ j0 i-Lo 5. won; substratum: och various-salmon; mycelium moderate to 
profuse, white (dull). 

GROUP VI Acmuih small, numeious, not zonal , tiosh-oeher; substratum: 

L f>-L 8. ! ochn-ml , aerial mycelium occuning as short threads, white. 

GROUP VII Atenuli laige, numerous, sliglith zoned, fhsh ocher; mibstra- 

L O-Jj 12, I turn flash ochu', green under ncemili, aerial mycelium occurring 
L 112, L 21. 1 as long tinea (Is. 


JROUP VTII 
L 3, Ij 23. 


Ateivuli large, niuneious, not zoned; ntjou, s, in streaks over 
smface of colony. Substiatmn: rufous; nnceJium little, white. 


group IX 1 Acervuli small, numerous, no zonation , flesh ocher, substra- 
L 14 L 21. turn: fhsh ochu to oclur-rid. Small masses of mycelium, white. 


GROUP X, Acenuli huge, few, apricot mange, for the most part in a 

An. 1-Av. 5, i laige mass in the cental of the colony, otherwise scattered in 
small numbers throughout tin* suiface or in zones; substratum: 
surface line dark gnemsh olive, more pronounced in somo eul- 
| lures than in otheis; mycelium oithcr in the form of a large, 
I wlute mass around the center of the colony or white, floccose, 
sometimes Huffy. 

GROUP XI Acenuli small, numerous, not zoned, flesh ocher, except a cen- 

L 23, L 26. tral green portion; substratum: bluish central portion, ocher- 
red outside it; aerial mycelium in form of very short threads. 
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Table IV 

Shows Effect of Reaction* Growth on Bouillon of Different Acid and 

Alkaline Reaction 



< ulturc 

+ 40 

1 ulli r s Scalt 

4 4) 

fuller s Seale 

40 

1 ii lit r s Stalo 

-45 

I nil' r s 'scald 

M 1 

M ft) 

4 4 

No growth 

4 

No growth 

1 1 

V 10 


No growth 


No giowth 

O 1 

O 

I 

No growth 

4 

Salmon atervuli 
on tho Mirfiitt 

No giowth 

11 1 

l< ^ 

\ 

| No mow III 

+ 

No giowth 

1 1 1 

I 

i I ( ) in 

4 

1 

No Mouth 


No giowth 

1 2 1 
U 1 

i h i ii i 

i j 

No M<>\\ til 

| No growth 

No grow 111 

No grow til 

Av 1 

\\ f 

j 1 

No growth 

4 

1 TIM 1IUI1M ions 

Mihim im<)< 1 

MI'S 
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Table V 

Shows Mean Lengths in Microns of Spores of Cultures of C\ gloeosporiotdes 
and G. limetticohm on 2 per cent Glucose Agar 


Culture No 

Mono 


Culture No 

Mean 

M J 


14 8ft 

L OOftft 

() 

2 _. 

15 17 ± 0 041 

M 2 


16 67 

l 0 056 

<) 

3 . 

15 30 * 0.072 

M 3 


1ft fift J 0 04ft 

<> 

4 . . 

15 18 t 0 076 

M 4 


Jft 23 

i 0 0.57 

() 

r> 

1ft. 2ft ± 0 087 

M ft. 


1(5 Oft 

L 0 062 

l-P 

1 

14 97 + 0 042 

M ft 


1ft 08 

t 0 080 

Lo 

2 . . 

14.9ft ± 0 056 

M 7 


19 26 

} 0 086 

\A> 

3 . 

14 6ft ± 0 034 

M 8 


17 28 

» 0 095 

tA' 

1 . 

11 HO i 0 047 

M 9 


Jft 70 

4 0 086 

I.r 

ft. 

14 32 ± 0 023 

M 10 


10 Oft 

4 0 0fi7 


1 

14.55 ± 0 121 

M 11 


22 61 

i 0 078 


2 

14 8ft h 0 055 

M 12 


17 37 

( 0(1)1 

L 

3 

1ft 25 ± 0 09(» 

M 18 


17 38 

J 0 07ft 


4 . . 

1ft 8ft t 0 03ft 

M 11 


1741 

i 0 (Mil 


5 ... 

15 IlliO052 

M 1ft . 


17 Oft 

i OOftft 

L 

(5 ... 

1ft 89 ± o 07fi 

M 1ft* 


1ft 3ft 

» 0 080 


7 

15 81 J 0 02ft 

M 17 


1ft Oft 

> 0 010 


8 

1ft 35 f 0 039 

M IK 


14 89 

i 0 017 

|. 

9 

1() 18 4- 0 071 

M 1ft 


1ft 69 

» 0 080 

L 

10 

1ft 12 4 0 092 

M 20 . 


17 77 

< OOftft 


11 

1ft li 4 0 052 

M 21 


17 ftJ 

OOftl 

I. 

12 

14 8ft 4 0 04ft 

M 22 


17 19 

0 03(» 

L 

13 . 

15 23 i 0 074 

M 23 


17 07 

i 0 07.5 


14 . 

15 92 4- 0 020 

M 2i 


Jft 09 

i 0 0U5 


15 

1 15 29 { 0 013 

M 2ft 

. 

17 38 

i 0 06,1 


15 . . j 

| 15 08 4 0 ()7I 

M 2ft 


17 77 

1 0 060 L 

17 . 

16 71 4 0 Oftl 

M 27 

. 

1ft 1ft 

i 0 069 

1. 

18 

15 AM| 4 0 028 

M 28 

. 

1ft 27 

. 0 098 

I. 

19 

1ft 41 { 0 052 

M 2ft 


n to 

0 0f»7 

1. 

20 

1ft 71 t 0 029 

M 30 


16 81 

, 0 03 J 

L 

21 

1ft 8ft ± 0 09ft 

1* 1 


1 10 09 

0 051 

L 

22 

11 ‘19 ± 0 016 

r 2 


1 18 Oft 

i 0 050 


23 

15 (X) 4 () 039 

P 3 


14 88 

< 0 028 

1. 

21 

15 30 i 0 (lift 

(1 1 

lift 37 

\ 0 080 

L 

25 

1102 ) 0 033 

r ft 


10 08 

t 0 01ft 1 1. 

2ft 

11 17 ± 0.098 

p ft 


1ft 12 

( 0,037 


1 

1ft 89 4- 0 082 

P 7 


1« 36 

4 0 095 

\\ 

2 

17 33 ± 0 003 

P 8 ... 


I ft 28 

» 0 045 

A\ 

3 

17 73 -fc 0 086 

P ft 


19 31 

i 0 002 

A\ 

1 

17 94 i- 0 031 

P 10 


17 Jft 

i 0 061 

A \ 

5 .... 

1ft ftl 4 0 038 

O 1 .. 

... - 

10 08 

» 0 017 

Av 

ft 1 

16 57 4 0 088 


Table VI 

Separation of Cultures of C. glocosponoidcs and G.limetticolum into Groups 
According to Mean Lengths of Spores in Microns 


Croup 

Cultures 

Kan we mean 
length 

111 microns 

1 

M 1—M 3. M 1ft—M 18, P 3. P 4. O 2 -0 5,1,1 -L 3, L 5, L 8. L 11—L 13, 

Is 16— J. 17, L 22—L 21 . . | 

14.86 —15 816 

II 

M 4— M 6 M 9. M 10, M 19, M 24. M 27, P 1. P 6-P 8. O 1, L 4, L 6, h 7. 
is 9, L 10, 1/19 —L 21 . . . . .. . 

15 839 1ft 861 

111 

M 8. M 12—M 1ft, M 20—M 23. M 26, M 2ft, P 10, Av 1 -Av 3 

1ft 890 -17 794 

IV 

Av 4, P 2 . . .... 

17 91 - 18 90 

V 

M 7, P 9 . . . 

19.257—20.250 

VI 

M 11. ... . ... 

21 60 —22.611 
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Table VII 

Classification of Cultures into Group* According to Modal Spore Length 


Culture numbor measuring (in microns) 


1810 1 18 90 

14 60 

16 10 16 80 17 60 19 00 20 ft! 

M 16 M 19 

M 

12 

M2 M 20 M 26 Ml M ' 

M 17 

M 

H 

Ml M 21 Ml 

M 18 11 

M 

14 

M 4 Av ft 

1 2 

M 

1 

M ft 

I o 4 



M ft 

le ft 

P 

1 

M 8 


V 

j 

M 9 

I 4 

V 

1 

M 10 

1 ft 

P 

ft 

M 22 

I ft 

1* 

6 

M 21 

I 7 

r 

7 

M 24 

1 8 

p 

9 

M 26 

I 22 



M 26 

I 2ft 

0 

1 

M 27 

1 20 | 

0 

2 

M 28 


0 

3 

M 29 

' 

0 

4 

M 10 


0 

ft 


1 

1 0 

1 

1 2 

1 

le 

2 

P 8 


T i 

ft 

V 10 


I 

9 

T \ 


I 

10 

1 11 


1 

11 



l 

12 

4v 1 

| 

I 

14 

Vv 2 

1 

I 

U 

Av 8 


I 

lh 

A\ 4 

I 

I 

17 


| 

1 

18 



I 

19 



I 

20 



1 

21 



I 

21 



Av 

0 



Tablf VIII 


Shows Effect on Medium on Spore Mean Length (In Microns) 


Strain No 

2 GlUCOsi 
agar 

2 i Saccharose 

agar 

2$ Dextrine 
agar 

Oatmeal 

agar 

M 7 

19 26 4- 0066 

16 08 £ 0047 

16 92 4- 0 027 

16 51 ± 0081 

M 8 

17 28 + 0 096 

16 23 4- 0 060 

18 03 + 0 024 

15 60 0 048 

M 9 

16 70 + 0 086 

18 31 0 061 

19 49 4 0 060 

i> 32 ± 0 072 

M 12. 

17 37 4- 0064 

1ft61 i 0071 

16 62 ± 0 063 

1805 0066 

M16 

17 0ft ± 0066 

16 96 4 0048 

18 0ft 4 0014 

16 72 ± 0066 

0 1 

1ft 03 + 0 047 

15 17 4 0030 

15 80 4: 0 027 

14 26 ± 0 071 

0 2 

1ft 17 i 0 041 

166 J 0022 

14 90 ± 008ft 

14 48 ± 0 020 

P 6 

18 08 Jk 0046 

18 98 4 0 046 

15 08 ± 0049 

14 24 ± 0 079 

P 7 

16 86 ± 009ft 

14 82 ± 0 021 

1508 ± 0062 

14 27 ± 0 028 

Is 1 

14 66 ± 0 121 

1661 ± 0067 

1ft 72 ± 0 020 

16 07 ± 0.087 

L 8 

1ft 25 ± 0096 

14 33 ± 0089 

15 88 ± 0049 

13ft6± 0 042 

L 6 

16 68 £ 0052 

16 21 ± 0084 

18 03»± 0 031 

16 89 ± 0064 
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Table IX 

Length Measurements in Microns of Fresh Spores of C. gloeotporioides and 

0. limettieobm 


Source of Fresh S]K>ros 


Mango blossom blight. 

Mango fruit spots. 

Mango fruit spots .. .. 

Avocado rot . 

Lime thorn spots. 

Lime leaf spots. 

Lime withered twig. 

Lime withered twig. 

Lime withered twig. 


Maximum 

Mean 

19.04 

16 87 

A 

0.086 

22 00 

lfi 

12 

A 

0.049 

23 45 

17 

50 

± 

0.029 

20,50 

1904 

A 

0082 

1612 

14 

6G 

A 

0 021 

43 98 

14 

00 

4 

0099 

24 92 

18 

29 

A 

0 066 

26 89 

14 

66 

1 

0035 

23.45 

10 

12 

* 

0 085 


Minimum 


13.19 
11.73 

18.19 
11.73 
11.78 
11.78 
1819 
10.26 
10 26 


Table X 

Maximum, Mean and Minimum Widths in Microns of Cultures of 
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LEGEND FOE PLATE I 

Figure 1 —Mango leaf showing spots caused by OoUetotrichum gloeonponoidet . 

Figure 2—Blight of lime blossoms produced by Qloeotporiwn Umetticolum. (A) Lesions 
on the petulB. Young fruitB (B) with diseased stigmas shown in black (l f 2); normal 
young fruit (3) 

Figure 3.—Withered twigs of the mango caused by inoculations with 0. gloeofarioidet 
a, Mango cultures; b, Avocado cultures; c, Pomelo cultures; d, Orange culturos. 

Figure 4 —Set© of 0 gtoeosporioxdes on a, Oat-meal agar; b, Nutrient agar; c. Cook's 
No 11 agar; d, Avocado cultures on Cook’s No. 11 agar. 

Figure 5—Cross-section of a pustule of 0. gloeosporioide# on lime stigma Shows coni- 
diophores, conidia and setro 

Figure 6—Cross-section of pustule of 0. yloeoaporunde* on the lime 

Figure 7— Wither-tip of the luno caused by 6 limetticolvm 
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LEGEND FOB FLATS IX 

Figure 8. —Spores of O. limetticolum showing blunt ends. 

Figure 0.—Spores of C. gloeosporioides showing blunt endB 
Figure 10.—Spores of Q . Umetticohtm showing constriction 
Figure 11.—Spores of O. gloeosporioides showing constriction. 

Figure 12.—Spores of O. limetticolum showing ends more or less pointed. 
Figure 18.—Spores of O. gloeosporioides showing ends more or less pointed. 
Figure 14.—Shows character of the plasma of spores of Q. limetticolum . 
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LEGEND FOE PLATE HI 


Fldl Kh 15 —Shows diameter of the plasma of spores of 0 gloeuaporiuidea 

Fjmitr. lfi—Spores of (i hmrtlicolum showing contraction of the plasma 

Fldl Kh 17—Spoies of 0 Imetticvluni showing difieient foims and hliupes which occur m 
culture media 

KlflURK 18—SporeB of (' ghcuapm undrs showing various forms and shapes which occur in 
cultuie media 

Fldl Hi: 19 —Comdiophores of the avocado culture of 0 gloeosporundea 
FjdURK 20 — Conidiophore of the mango culture of ii gloeonponotde* 

Fjdi'KK 2^1—Coimliophoie of Dip lime fungus Oltn oapurium limriticohnn 















LEGEND FOB PLATE IV 

22 —Collet oh why m yhtposporwitlett on -} 15 nutrient agm Culture fi^*i orange. 
FjdVRK 23— C fjluctmponnidrn on —15 nutinnt uitar Same culture us in Fig 22 
Fidi RK 21— (' (iloeon par nude* on -f 15 ngnr Cullure from lime 

Fid i RK 25- V ylnen/tporwidr* on —15 agar Same lultuie an in Fig 24 

Fid I rk 20 —C ylocunponoidrn on multohe ugut Culture from orange 

Fid i RK 27— (' rfloenupo) widen on mnltoHo quhi Culture from lime 




LEGEND FOB PLATE V 

Fiei rk 138 —Qluenspomnn hmelticohim on maltoBo ngur 

Flui be 29— O InnellH ohnn on multeso agar Different culture from Fig 28 
Figttrb 80— G. hmettirolinn on lactose agur 

Figi’BK 23 — C f/lofo*))orv>id*/t oil lactose agar Culture from mango 
FlGl RK 82 —C fflorottponoidr# on sucrose agur Culture from mango 

Flunks 33 —C Qloeo8}>*mmd«8 oil BUcroHO agar Culture from avocado 

flf) 




LEGEND FOB PLATE VI 


Kiui'KK 34 —(' (iloroni»unoid"tt on oat-meul asjnr Culture from avocado 

Full rk 35 —C yhtPoBpoiund*a on gluroac agar. Culture from avocudo 

Fjm’BH 3b —O yl<>eo8pvrioidf‘N on torn meal agar Cultuie from avocado. 

Knit HK 37 —Canker or fruit spot of the mango 

Full KK 38 —('nnki’i or fruit spot of the lime 
H2 
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ftHkW v **» Ootom* »M Nos. 
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PASTS OF FOUR LEAVES OF SUOAB DANE 

The first three show the most common types of Injury. The fourth shows 
the blotch type. Also a young rattoon plant showing severe Infection. 
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THE EYE-SPOT DISEASE OF SUGAR OANE 

Melville T. Cook, Chief of Division of Plant Pathology 

The eye-spot disease of sugar cane became serious in Porto Rico 
in 1922-23. Like most diseases which suddenly appear as menace 
to a crop it was referred to by the growers as a new and mysterious 
disease and was given several local names. Along the north coast 
it was frequently referred to as the Manati disease because it was 
first found n the vicinity of Manati. Along the south coast it was 
sometimes referred to as Santa Rita disease although that name was 
not used so extensively as Manati. Fortunately these two names 
have gone out of use and the disease is now generally known as “eye 
spot”, a name which is very generally used in other cane-growing 
regions of the world. The first studies made by the writer showed 
considerable variations in the spots and in size of the spores which 
led us to suspect that that spotting might be due to two-species of 
organism causing the disease but later studies have shown that this 
is not true. 

Although the disease was at first referred to as new and myste¬ 
rious, the studies made by the writer very soon showed that it is the 
common “eye spot” which is caused by a fungus (Helmmthosporium 
sacchari Butler) and is well known in other parts of the world. It 
was first reported from Porto Rico by Johnston and Stevenson (8) 
in 1917, but it was no doubt present on the Island many years 
previous to that date. Its sudden appearance as a severe disease in 
Porto Rico was no doubt due to the growing of an increased acreage 
of susceptible varieties and to the climatic conditions in 1922-23 
which were especially faborable to the growth of the fungus. In 
1923-24 the disease was less severe, due to unfavorable conditions but 
it has been quite severe during the following years. The threatening 
character of this disease lead us to make studies which have been 
carried out during a period of four years and are recorded in this 
paper. • 

HISTORY 

The prevalence, wide distribution and general character of this 
disease give ample reason for believing that it is very old although 
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we have no authentic records previous to 1892 whan it was first 
reported and described from Java by L. van Breda de Haan (B) 
who demonstrated that it was infectious and due to a fungus which 
he named Cercotpora sacchari. A more complete account of the 
disease and a colored plate was published from Java in 1898 by 
Wakker and Went ( 18 ). In 1901 the disease was discussed in 
another publication from Java by Dickhoff and Hein. 

In 1907 the disease was reported from Hawaii by Lewton-Brain 
( 16 ) who stated that the disease had b$en known previously as 
“rust”. In 1909 the disease was again reported from Hawaii by 
Cobb (8) who also published a colored plate which corresponds quite 
well to the disease as found in the greater part of Porto Rico, but 
his spore drawings are of Helminthosporium. In 1922 Larsen ( 9 ) 
reported the isolation of the fungus and the reproduction of the 
disease by spraying cane leaves with a spore infusion. 

In 1913 it was reported and described from India by Butler ( 2 ) 
under the name of Helminthosporium sacchari who comments on 
previous work as follows: _ 

“In Hawaii it has been briefly described by Cobb. From the figures pub¬ 
lished in Wakker and Went’s well-known textbook of sugar-cane diseases, it ap¬ 
pears probable that this fungus is really a Helminthosporium and not a Ceroos- 
pom. A comparison of the two fungi has not been possible and could alone 
settle the question of their identity.” 

Butler’s nomenclature is very generally followed by mycologists 
and plant pathologists. Butler reported that the disease had “not 
been found to damage the crop materially”. 

The disease was first reported from Porto Rico in 1917 by 
Johnston tod Stevenson (8) who evidently did not consider it of 
much importance. It was next reported from Porto Rico by the 
writer ( 4 ) in 1924 in a preliminary paper as a disease which 
threatened to be of major importance. 

The latest publication is a series of papers from Hawaii by Lee 
( 7 , 10 - 14 , 18 , 17 ) and others in which various phases of the disease 
and discussed. These publications will be referred to from time to 
times in this paper. In the first of this series Lee ( 10 ) calls attention 
to the fact that early publications indicate that the disease probably 
existed in Hawaii as early as 1854, that it was considered as serious 
and was known as “fire blight”. This is 39 years earlier than the 
first authentic record by van Breda de Haan. 

Although there is reason to believe that the disease is widely 
distributed throughout the sugar-cane-growing regions of the world 
the only reports of serious outbreaks are from Hawaii and Porto 
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Rioo and the only important varieties that have proved, especially 
susceptible in Porto Rico, are D. 109 and F.C. 806. H. 109 has 
been introduced into Porto Rioo but has not been grown extensively. 
It is less susceptible in Porto Rico than D. 109 and F.C. 806. 

The preceding discussion indudes references to the most important 
publications but there are many other brief references which show 
the wide distributions of the disease throughout the sugar-cane* 
growing countries of the world. These records show that the disease 
is known in Java, Hawaii, India, Philippines, Formosa, and Southern 
Ukiited States. It has been reported from West Indies, from Cuba, 
Jamaica, Santo Domingo^ Barbados, Trinidad and Reunion. 

SYMPTOMS 

The eye spot is usually well defined and characteristic but is sub¬ 
ject to many variations, depending on variety, age, severity of in¬ 
fection, climatic and possibly other factors. The disease occurs on 
the lower half of the blade, sometimes attacking the sheaths but 
rarely attacking the outer half of the leaf except in the case of young 
plants, when the entire leaf may be attacked. 

The disease usually starts as very small reddish, occasionally 
black spots. If the variety is very resistant, this character may 
disappear with the growth of the plant. If the variety is susceptible, 
the spot increases in size and developes other colors. Most spots on 
susceptible varieties are red when young but usually develop black 
centers and yellowish borders. The arrangement of these colors and 
the elongated, pointed form have given rise to the common name 
“eye spot”. However, the spots are not uniform in either shape 
or color. Any one of the colors may predominate. Sometimes the 
spot remains red until one-fourth inch in length before showing a 
black center. Sometimes the colors have rather definite outlines and 
sometimes they blend. Sometimes the spots have the definite eye 
form and at other times they take the form of long narrow Mack 
streaks of various lengths; usually one-fourth inch to 3 inches but 
occasionally more. Sometimes they are long, dark in color and of 
a rather irregular outline. Sometimes they unite, usually at the 
mid. In young spots, the colors are usually bright and clear but as 
the spots grow old the colors become dull and almost»disappear 
with the dying of the leaf. As the spots grow old, they usually 
develops ashy-colored centers as a result of a dying of the central 
tissues. In the case of the more susceptible varieties, such as F.C. 806 
and D. 109, the entire leaf may dry, and in the case of severe out¬ 
breaks it is not uncommon for three-fourth or more of the leaves to 
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be killed. Entire fields become brown, except for a few green leaves 
at the tops of the plants. The spots may occur on any part of the 
lower half of the leaf from midrib to margin bnt do not occur on 
the midrib. In the case of severely infected young plants and seed¬ 
lings the entire plant may be varying shades of red, the tips and 
outer leaves die and become brown very soon and in many cases the 
plant is killed. In some cases the spots are blunt, with a predomi¬ 
nance of red and purple colon which darken with age. Sometimes 
the spots coalesce, become irregular and develop into blotches which 
may enclose small areas of apparently hehlthy green issues. The 
margins of these blotches are frequently yellow. These blotch char¬ 
acteristics were originally attributed to the so-called ‘‘Santa Rita” 
disease, but a more extensive study indicates that we have but the 
one species of the fungus. Therefore, the blotching must be consid¬ 
ered one of the variations of the disease symptoms. Although the 
characteristic blotchings are most common on the south coast, they 
do occur in other parts of the Island and the writer has produced 
them under green-house conditions by heavy infection of the young 
canes. The top-rot symptom which is described in piMications from 
Hawaii is rare in Porto Rico but the ‘‘fire blight” which is »l«> 
described in the Hawaiian publications is quite common, especially 
on D. 109 when grown on the higher elevations. Many of these 
variations are no doubt due to varieties and to climatic conditions, 
but some of them may be due to soil conditions as previously referred 
to by the writer (4) or to the presence of other fungi which are 
more or less common on the spots. 

The disease attacks the lower half of young leaves of growing 
cane while they are unrolling. The spores are apparently carried 
by the wind and fall into the tops of the cane, and since the arrange¬ 
ment of the leaves is especially favorable for the collection of mois¬ 
ture, the conditions are most favorable for the growth of the fungus. 

The ring spot of sugar cane is due to an entirely different fungus 
'Leptosphaeria sacchari J. van Breda de Haan). It is possible that 
this disease might be confused with the ‘‘eye spot” by inexperienced 
observers, but a little study will enable any one to distiguish the two 
diseases in most cases. This spot occurs on the outer half of the 
older leaves. The spots are much broader and shorter than the eye 
spots and are usually not more than two or three times as long as 
wide, more or less irregular in outline, and tending to unite, so that 
in many cases the outer-one-fourth or one-half of the old leaves are 
entirely dead. The ring spots are brownish or reddish but the colon 
are never so bright as in the eye spots. Gray dead centers develops 
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very early so that in a very short time the spots show as large gray 
areas surrounded by a narrow zone of brown, black or reddish tissue. 

DOSSES 

It is extremely difficult to estimate the losses due to a disease of 
this type with any degree of accuracy, but it is very evident that 
the losses must be considerable in the cases of the severe outbreaks. 
Since the greater part of the manufacture of sugar is in the leaves 
of the plant, the destruction of any considerable part of the leaf 
mpst necessarily reduce the working power of the plant proportion¬ 
ately. And since the disease attacks the leaf so early in its de¬ 
velopment, the areas that are destroyed have practically no part in 
the manufacture of sugar or in furnishing elaborated foods for the 
growth of the plant. Therefore, the greater the destruction of the 
leaf tissue, the greater the reduction in growth and manufacture of 
sugar. The writer has seen very large areas of B. 109 and F.C. 306 
in which 80 per cent of the leaves were entirely dead long before 
maturity. Furthermore, the disease frequently kills canes varying 
in height from a few inches to four feet. In one field of F.C. 306, 
fifty-seven per cent of the canes were killed. In the case of very 
susceptible varieties, many young canes of ratoon growths are killed. 
Seedlings are frequently destroyed in great numbers. The writer 
his seen outbreaks in the seedling flats which resulted in the death 
of many hundred seedlings, and Mr. Robert L. Davis of the Porto 
Rico Agricultural Experiment Station writes that in the case of one 
variety “only 250 out of 1,106 survided”. "When young canes are 
killed, they are very frequently attacked by the rind disease (Me- 
lanconium sacchari Massaee) which finishes the work of destruction, 
although it is primarily a saprophyte. 

THE ORGANISM 

The organism was described by Butler (2) from India in 1913 
hS follows: 

“The infected leaves first show small red spots, which spread rapidly, chiefly 
in the longitudinal direction and, especially towards the tip of the leaf, may run 
together to form long streaks. The center of the spot soon changes to a dirty 
straw color, around which the margin remains red for a time and then changes 
to dark brown. The spots occur equally on the midrib, where they unay be con¬ 
fused with those caused by the leaf^form of CoUetotrumm faloatum and on the 
thinner part of the leaf. When numerous, they cause death of the leaf tissues 
beyond the Hmits of the spots; the tip of the leaf often withers completely and 
there are many long withered strips down the margins. 

“The sporophoree are stout, erect, rather rigid hyphae, which arise from the 
peripheral cells of the stromata (PI. VI, Fig. 4). They are usually unbranched, 
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8 to 10 septate, dark greenish-brown below, paler above and several times beat 
or 1 geniculate \ Spores are produced at each bend and at the apex, the lowest 
being due to the spores being always apical at first and being then pushed to 
one side by continued growth of the sporophore from just below the insertion of 
the spore. The sporophores are 100 to 100 microns long, by 5.5 to 7.5 microns 
broad. 

“The spores (PI. VI, Pig. 5) are borne single and readily fall oil. They 
are cylindrical or long elliptical in shape, with very thick walls, and divided into 
from 4 to 11 compartments by broad thick partitions. The colour varies from 
olive green to brown and the size from 35 to 60 microns long, by 8.5 to 12 mi¬ 
crons broad. 

* * Helminthosporkm tacchari Butl. n. sp. Maculis amphigenis, elongatis, initio, 
rubris, dein avellaneis, vel stramineis ac ferrugineo-marginatis, 8-25 X 2-6 mm.; 
caespitulis minutis, atria; hyphig fertilbus erectis simplicibus, 3-10—septatis, 
geniculatis, olivaceo-brunneis, apice pallidioribus, 100-190 X 5.5-7.5 microns; 
conidiis acrogenis, cylindraceis vel oblongo-ellipticis, utrinque rotundatis, 3-10 
septatis, carssissime tunicatis, olivaceo-brunneis, 35-60 X 9.5-12 microns . n 

The description given by Johnston and Stevenson reads as fol¬ 
lows : 

“Hyphae dark, cobwebby, arising from the center of awnelongated brown 
spot on the leaf-blade; sporophores more or less erect with single terminal spores; 
spores several septate with very thick walls, rounded at both ends, 32-90 X 9-14 
microms, on conidiophores 120-160 mm. long. ’ 3 

The writer measured several hundred spores (Fig. 1) the mini¬ 
mum being 22 X 6.6 n while the maximums were 92 X 13 u and 
88 X 15 u. The average was 58.7 X 11.1. The septa ranged from 
3 to 11. The minimum sporophore (Fig. 2) was 44 u while the 
maximum was 337.5 u. These measurements were made from spores 
and sporophores from leaves of 23 varieties of cane which had been 
in moist chamber 24 hours. It was impossible to correlate the meas¬ 
urements with the varieties of cane. 

The size of the spores appear to depend primarily on humidity. 
Both in the field and laboratory, under dry conditions, the spores 
v r ere few and large while under moist conditions they were many 
and small. However, in the laboratory the spores formed in moist 
chamber during the first 24 hours were usually larger than those 
for any succeeding 24 hours. 

The young sporophores are more or less straight and the spores 
are borne apically. Possibly it would be better to say that the 
youngest spore is borne apically. Following the formation of the 
first spore, there is a new growth starting just back of the point of 
attachment which extends forward and at a slight angle. A new 
spore is formed at the tip of the new growth and another new growth 
is started. This occurs repeatedly and results in a geniculate spo» 
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rophore with scars at the angles. The attachment of the spores is 
so delicate that very few are seen in place. 

LABORATORY STUDIES 

The spores are very brittle and fall from the sporophore very 
readily. Therefore, it is difficult to find them on leaves fresh from 
the field unless the leaves are collected early in the morning and 
handled carefully. However, they can be secured in great abun¬ 
dance on leaves kept in a moist chamber for 24 hours. However, 
thd spores produced each succeeding 24 hours are likely to be smaller 
than the preceding. Furthermore, the spores grown in culture are 
very generally smaller than those found in nature. The spores are 
borne more abundantly on the lower than op the upper surface of 
the leaf. The sporophores vary greatly not only in size but also 
in each group or cluster. When single they were usually longer 
and more spores are produced than when in groups. They are 
geniculate, a single spore being produced from the convex side of 
the bend or angle. The spores originate from the apex, a new 
growth starts just below the spore and is forced slightly to one Bide, 
causing the first bend. This is repeated and results in alternate 
light and left bends. 

|The spores germinate very freely in water (Fig. 4) usually with 
a single tube and usually from one end of a spore. If grown on a 
piece of glass, the tube twists around and grows in various directions 
(Fig. 6) but if grown on the leaf it advances but a short distance 
and then penetrates at a point between the veins or fibro-vascular 
bundles without regard to the presence or absence of stomata (Figs. 7 
and 10). Spores will germinate on and penetrate either surface of 
the leaf, but inoculation experiments have shown that the upper 
surface is more susceptible than the lower surface. This was dem¬ 
onstrated by applying agar containing spores at various points along 
the surfaces of the leaf or along the entire surface. This film of 
agar was removed after 48 hours. These experiments were repeated 
a number of times, and the plants kept in a greenhouse. The spots 
were always more numerous on the upper than on the lower surface. 
Very young leaves are susceptible from base to tip on both surfaces, 
but as they grow older they gradually loose their susceptibility, 
beginning with the tip; the jipper surface remaining susceptible 
longer than the lower surface. The upper surface of a reasonably 
young leaf is susceptible nearer the tip than the under surface of 
the same leaf. The sporophores will also germinate and are prob¬ 
ably as important in spreading the disease as the spores. 
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The penetration of the leaf by the germ tube is very quickly 
followed by a discoloration and formation of a spot (Figs. 7 to 10). 
In some cases the spot can be detected by the nnaided eye within -30 
hours after inoculation. This spot increases in size, the greater 
growth being lengthwise and between the larger fibro-vascplar bun¬ 
dles. It appears to be rather difficult for the fungus to penetrate the 
fibro-vascular bundles, although this does occur. 

The germ tube appears to be able to penetrate at any point be¬ 
tween the fibro-vascular bundles or veins. It was not seen to pene¬ 
trate immediately over or under a fibro-vascular bundle, nor into n 
stomata. The first growth of the mycellium after penetration is in 
the parenchyma tissues and is either inter- or intra-cellular (Fig. 12) 
and the septa are comparatively few. The spots increase in size, 
especially in length with age, the discolorations usually extending 
beyond the range of the fungus. The mycelium becomes more and 
more abundant and the septa more numerous. Tt frequently acquires 
the power to penetrate the fibro-vascular bundles (Figs. 13 to 15), 
but age and the resistance of the hard walls of the cq|]s of the fibro- 
vascular bundles results in the formation of masses of fungus cells 
resembling sclerotia, usually just within the epidermis and next to 
the fibro-vascular bundles (Figs. 9 and 11). The resistance exerted 
by the hard cell walls of the fibro-vascular bundles appear to be the 
stimulus which leads to the formation of septa and the sclerotia-like 
irrowth. This growth breaks, through the epidermis and forms 
sporophores. It also frequently produces a growth which spreads 
over small areas of the surface of the leaf (Fig. 11). The sporophores 
were also seen growing out through stomata. 

A careful study was made of the structure of the leaves of a large 
number of varieties and a comparison of the most resistant with most 
susceptible varieties indicated that the varieties with numerous, close 
fibro-vascular bundles were more resistant than the varieties in which 
the fibro-vascular bundles were rather widely separated by large 
quantities of parenchyma tissue. This is in harmony with the large 
amount of mycelium in the parenchyma as compared with the fibro- 
vascular bundles. 

INOCULATION EXPERIMENTS 

The inoculations were made in both greenhouse and field for the 
purpose of determining the relative susceptibility of the many va-, 
rieties. Inoculations are easily made either by the use of spore 
infusions applied with an atomizer or by pouring the infusion into 
the tops of the cane plants. The simplest and easiest method, was the 
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application in the top o£ the cane by means of a glass tube. 'When 
the spore infusions are applied to the base of the young leaves, in¬ 
fections can be obtained in very nearly 100 per cent of the cases, 
but if applied to the old leaves or tips of leaves the results are 
usually negative. The best time for inoculation is late in the after¬ 
noon, probably because the plants retain the moisture during the 
sight better than under the bright sunshine of the day. It is not 
necessary to injure the surface of the leaf. Infections may be ob¬ 
tained at any season of the year but the plants respond more readily 
during the cooler months of November, December, January and Feb¬ 
ruary and March, which is the season the disease is most abundant 
in the fields. During the warm, summer months, infections are 
easily obtained, but under conditions here at the Insular Experiment 
Station there is very little spread of the disease from the infected 
to the neighboring plants. All varieties can be infected, but in the 
most resistant varieties the spots can not be seen without close study. 
Uba may be considered most resistant, and close examinations made 
48 hours after inoculation showed minute black spots. Varieties do 
not always respond in the same manner even though the experiments 
are made in the same place and as nearly as possible under the same 
conditions. This is well shown in the following tables: 

Table I 

GREENHOUSE INOCULATION 

The groups are arranged in order of susceptibility, the moat susceptible first 


D. 433 

F.C. 214 

F.O. 306 

S.C. 12(4) 

D. 109 

B.H. 10(12) 

P.B. 460 

P.B. 328 

B.H. 10(12) 

P.B. 329 


B. 3412 

B. 67 

H. 109 

D. 109 

D. 1135 

Ba. 11569 

P.B. 492 

P.B. 433 

P.B. 440 

B. 6450 

Crist&lina 

D. 109 

P.B. 333 

P.B. 729 

Uba - 

Ba. 6082 

Badfia 

D. 448 

P.OJ. 105 
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Tabls II 

GREENHOUSE INOCULATION 

The croups ora arranged in order of susceptibility, (he most susceptible first 


F.C. 306 

P.B. 440 

D. 1<>9 

P.B. 328 


P.B. 492 

H. 109 

Yellow Caledonia 

P.B. 433 

B. 67 

Ba. 11569 

P.O.J. 105 

D. 448 

P.B. 440 

D. 109 



B.H.' 10(12) 

Ba. 6032 

S.C. 12(4) 

P.B. 329 

Cristalina 

F.C. 214 

B. 3412 


P.B. 333 

D. 1135 

Badila 

B.H. 10(12) 

Uba 


In Table I it will noted D-109 was used in three and B.H. 10(12) 
in two different containers with different results, although the con¬ 
tainers were separated by spaces of lees than 10 fe^. 

It will also be noted that the results in the two tables are slightly 
different. This is especially true in the case of B. 67. However, 
P.C. 306 and D. 109 can be depended on as very generally showing 
the greatest susceptibility. 


Table Ill 

PLANTS KILLED IN GREENHOUSE AS RESULT OF HEAVY 

INFECTION 

These plants were grown in 5 gallon oil tang and four buds planted in each can. 

First Second Third 
rt cord record record 


D. 117_all — — 

Cristalina_ 5 11 

Ba. 6032- 1 2 all 

D. 448 - 2 — all 

D. 433_ 1 — — 

B.H. 10(12)_— 4 — 

B. 6450_— 1 2 

P.B. 711_— 1 1 

Badila-— 1 — 

Ba. 11569_ — 1 — 

F.C. 306_— 1 — 

P.B. 328_— 1 

B. 3412 *- — 1 1 

H. 109_— 1 — 

P.B. 460- — — 2 

P.B. 433_ — — 1 

P.R. 704-— — 1 

P.B. 440-— — 1 
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In comparing the results given in Table III with the results of 
Tables I and II it will be readily seen that the varieties showing 
the greatest leaf infection in Tables I and II did not show the highest 
mortality. However, the number of plants used in Table III was 
so small that no definite conclusions can be drawn from this experi¬ 
ment. Furthermore, the field observations showed a greater mor¬ 
tality in FC-306 than in any other variety. 


Table IV 

INOCULATION MADE ON PLOT WITH OVERHEAD IRRIGATION 
Records made every week for six weeks 


a 

caczzx = very severe; 

xm =r severe; m = 

medium; 

xx = slight ; 

x = very slight 

Bank 

Variety 

First 

record 

Second 

red&rd 

Third 

record 

Fourth 

record 

Fifth 

record 

Sixth 

record 

i. 

1 

l 306_ 

— mn 

XXZZX 

XXXXX 

XXXXX 

XXXXX 

nm 

2. 

I 

109_ 

.. nm 

XXXXX 

XXXXX 

tttTT 

XXXXX 

TTTTT 

3. 

I 

109_ 

„ rvrr 

xxxx 

xxxx 

xxxx 

xxxx 

XXXX 

4. 

I 

l . 433_ 

XXX 

xxxx 

TTYT 

xxxx 

TTYT 

XXXX 

5. 

1 

t. 460_ 


xxxx 

xxxx 

xxxx 

xxxx 

XXXX 

6. 

I 

t. 328_ 

__ XX 

XXX 

XXX 

XXX 

XXX 

xxxx 

7. 

I 

3412_ 

_Ytt 

XXX 

XXX 

XXX 

XXX 

XXX 

$. 

I 

l. 440_ 

X 

XXX 

XXX 

XXX 

XXX 

XXX 

9. 

I 

I. 10(12) 

___ 

XX 

XX 

XX 

XXX 

XXX 

10. 

I 

fUfiO 





TTT 

TTT 

ft. 

F 

r. 792 _ 

— X 

XX 

XX 

XX 

XXX 

XXX 

12. 


k 329 _ 

-- X 

XX 

XX 

XX 

“ i 

XX 

XX 

13. 


!. 214 . 

_XX 

XX 

X* 

XX 

XX 

14. 


433 _ 

— X 

X 

X 

X 

X 

X 

15. 

16. 


ft7 _ 





XXXXX 

TTTTT 


italina 





TTTTT 


17. 

18. 

19. 

20. 
21. 
22. 


72ft 





XXX 

TTT 


ftftaa 





XXX 

TTT 


IlftftO 





TT 

XX 


lila 





XX 

XX 







X 


lias 








. 492 









|17 







28 . 






_A 
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Tables V, VI and VTI are made from a field at the entrance of 
the Insular Experiment Station. The land is low, the humidity 
high and the temperature favorable during the winter months. The 
disease appeared here in advance of any other place on the Tnmlnr 
Experiment Station and was more severe. 


Tabu V 


xxxxx = very severe; xxxx = severe; xxx = medium; xx = slight; x = very slight 


Rank Variety 

1. P.C. 306_ 

2. D. 109_ 

8. P.R. 329_ 

4. B. 3412_ 

6. D. 448_ 

6. P.C. 214_ 

7. D. 433_ 

8. B.H. 10(12)_ 

9. H. 109_ 

10. P.O.J. 36_ 

11. M. 36_ 

12. P.R. 440_ 

18. Oristalina_ 

14. Yellow Caledonia 

16. D. 1135_ 

16. P.R. 492_ 

17. P.0.1 228_ 

18. Ba. 6032_ 

19*. P.R. 460- 

20. D. 117- 

21. B. 67- 

22. P.R. 3281- 

28. P.R. 729- 

24. B. 6450- 

26. P.O.J. 234- 

26. Ba. 11569_ 

27. S.C. 12(4)- 

28. Uba- 


First 

Second 

Third 

record 

record 

record 

xxxxx 

XXIXX 

xxxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

YVTT 

xxxx 

xxx 

xxx 

TtTT 

xxx 

xxx 

xxxx 

xxxx 

xxx 

xxx 

xxx 

xxx 

xxx 

xxx 


xxx 

xxx 

xxx 

xxx 

xxx 

xxx 

xxx 

XX 

XX 

xxx 

xxx 

XX 

X 

XX 

XX 

XX 

XX 

XX 

XX 

TYTTT 



xxxx 

X 


xxx 

X 


xxx 

X 


XX 

X 


XX 

X 


XX 

X 


X 

X 


xx 



XX 



XX 




Table V is a composite made up from studies following inocula¬ 
tion. The first reading was made 4 days after inoculation and the 
second two months later and the third one month after the second. 
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A comparison of Tables 1Y and Y shows that although F.C. 306 
and D. 109 are the most susceptible and that Uba is the most re¬ 
sistant, the other varieties do not occupy the same positions in the 
two tests. 


Tablk VI 

NATURAL INFECTION IN THE SAME FIELD 

December 8th, 1026 


F.C. 306_ 

Ba. 6032_ 

D. 109_ 

P.B. 329_ 

F.C. 214_ 

D. 216_ 

P.R. 328_ 

H. 109_ 

B.H. 10(12) 

M. 36_ 

P.R. 440— 

B. 6450_xxx 


P.O.J. 36 


D. 433_xx 

D. 1135_xx 

P.R. 492_xx 

P.R. 460_xx 

B. 67_xx 

P.R. 729_ x 


P.O.J. 234 
P.O.J. 228 
D. 117 
Ba. 11569 
Uba 



. xxxx 
xxxx 
xxxx 
_ xxxx 
xxxx 
xxxx 

. XXX 
. XXX 
. XXX 


Table VIP 

NATURAL INFECTION IN THE SAME FIELD 


F.C. 306_ 

D. 109_ 

Ba. 6032- 

Y. Caledonia 

H. 109_ 


P.O.J. 36 

M. 36_ 

B. 3412— 
P.R. 440- 
P.R. 328- 
P.R. 329- 
F.C. 214- 


January 14th, 1927 


xxxxx 

xxxxx 

xxxxx 

xxxxx 

. xxxx 


XXX 

XXX 

XXX 

XXX 


Cristalina_ 

P.R. 729_ 

B.H. 10(12) 

D. 433_ 

I). 418_ 

P.R. 492_ 

P.R. 460_ 

B. 67_ 

Ba. 11569— 
B. 6450_ 


m P.O.J. 228. 

*** P.O.J. 234. 

xzx D. 1135—. 

D. 117 — 


Uba- 


xx 

XX 

XX 

XX 


X 

X 

X 

X 

X 


trace 

trace 

trace 

trace 


A comparison of Tables Y, VI and YII shows that although the 
varieties do not occupy exactly the same relative positions, F.O. 306 
and D. 109 are most susceptible and that Uba is the most resistant. 
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TABLX vm 

Thit field was part of the property of Central Oambalache. It had been planted to ▼arie¬ 
ttas for the purpose of study mg resistance of varieties to mosaic but became infeoted 
with H&mirUho*porium §aeehari . This field is located on low land, near the coast 


Variety Severity Remarks 

P.C. 306_ 11 ixx 

D. 109_xxxxx 

P.R. 329_xxxxx 

D. 448_mix 

B. 3406-xxxxx 

B. 3412_xxxxx 

P.R. 662 _ xxxxx 

P.R. 433_xxxxx Very few living leaves. 

B. 67_xxxxx Leaves yellow, long narrow streaks. 

Rayada_ xxxxx Apparently less damage than on others. 

H. 109_ xxxx 

D. 625_ xxx 

B. 208_xxx 

P.R. 545_xxx No great damage. 

S.C. 12(4)---xx Many small spots. No great damage. 

Bo. 11569_xx Many small spots. No great damage. 

PR. 828_xx 

P.R. 414_xx 

PR. 440___xx 

P.R. 561_xx 

D. 117-xx Very small spots. 

B. 3696-x Very few small spots. 

Cristalina_ x 

L. 511-1_x Very few spots. 

P.R. 417— ,1 -Occasional spot. 

P.R. 492-Occasional spot. 

P.R 483-Occasional spot. 

B.H. 10(12)-Occasional spot. 

P.R. 260—--Occasional spot. 

Uba---Practically immune. 
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Table IX 

In another record at a different date, from the same field; aleo a grouping with reference 
to age, purity and eucroee content of the varieties. The field data wag taken by the 
writer. The information on age, purity and euoroee wag furnished by Mr. Pedro 011- 
vencia of Central Oambalache. 


Variety 

Severity 

Remarks montha 

Purity 

Suorote 

B. 3412_ 

_mm 

Most severe of all_ 

12 

80. 87 

15.35 

P.B. 483_ 

_xmx • 

Most leaves die_ 

11 

91.19 

10.87 

B. 07_ 

-mTr 

Most leaves very yellow_ 

12 

90. 03 

17.22 

P.B. 329 —- 

- xxxxx 


12 

88. 70 

15. 79 

P.B. 602-— 

- xxxxx 


11 

90.58 

17.80 

F.CL 300_ 

_ xxxxx 


12 

79.01 

13.54 

B. 3405_ 

- xxxxx 


12 

80.70 

12.28 

Rayada- 

_ xxxxx 


12 

83. 40 

15.01 

D. 448. 

_xxxxx 


12 

90.40 

19.12 

P.R. 545_ 

-XX 

No great damage_ 

12 

83. 38 

14.08 

B. 208_ 

-XX 


12 

80.90 

14.4Q 

P.B. 440_ 

_XX 

Many small spots_ 

12 

88. 49 

15.00 

P.B. 501_ 

_XX 

Many small spots_ 

12 

79.18 

13.92 

P.B. 414_ 

_XX 


12 

80. 90 

13.01 

P.B. 828 

_ XX 

Many umflll npnta _ _ _ 

12 

84. 88 

15.11 

P.B. 569 

_ _XX 

Very small spots____ 

12 

90. 40 

17.37 

H. 109_ 

_XX 

Many small spots- 



15. 51 

S.C. 12(4)... 

_XX 

Many small spits- 

12 

87.30 

13.85 

P.B. 412_ 

_X 

Resistant, slight infection- 

12 

72. 08 

12. 03 

Onmtalina_ 

_x 

Resistant, few small spots_ 

11 

89. 22 

15. 48 

D. 117 _ 

-X 

Resistant, many small spots_ 

15 

84.13 

15.00 

B. 3090_ 

— X 

Resistant, very few small spots. 

12 

88.24 

15.81 

L. 511_ 

_X 

Very resistant- 

14 

80.50 

15.05 

B.1T. 10(12) . 

__ X 

Vary rMrietjuit. __ _ _ 

12 

70.91 

13.85 

D. 483_ 

_X 


15 

81.29 

14.49 

P.B. 200_ 


An occasional spot- 

12 

80.02 

15. 70 


A comparison of the Tables VIII and IX is not possible because 
they do not record exactly the same varieties but they do show some¬ 
what the same relationship of hosts to the disease. 

Table IX also shows a grouping with reference to purity and 
sucrose, but these figures are only approximately correct as other 
analyses where no field studies were made have given 'different results. 
These variations in purity and sucrose content are due to factors 
which do not come within the scope of this paper. They indicate' 
that there may be some relationship between susceptibility and resist¬ 
ance to purity and sucrose content. However, it also appears that 
there are other factors, such as climatic conditions and structure 
which are more important. 
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VARIETAL ST7BCEPTIBIUTY AND RESISTANCE 

A study of these tables and our notes on Add observations shows 
very definitely that F.C. 306 is the most susceptible commercial 
variety grown in Porto Rico. D. 109 is a dose second. H. 109 
can be placed third in the list but is much more resistant than D. 109. 
Uba is the most resistant variety grown on the Island. The records 
on the other varieties show more or less variations but they ««« be 


grouped as follows: 


F.C. 306 

P.B. 440 

D. 109 

D. 117 

H. 109 



S.C. 12(4) 

D. 483 

D. 1135 

P.R. 460 

P.R. 492 

B.H. 10(12) 

P.B. 333 

B. 6450 

Cristalina 

Ba. 6032 

Badila 

D. 448 


P.C. 214 

P.O.J. 105 

P.R. 329 

P.O.J. 36 

Yellow Caledonia 

P.O.J. 228 


P.O.J. 234 

B. 67 

M. 36 

P.R. 729 


P.B. 328 

Uba 

B. 3412 



In general it may be said that the disease is so severe on F.C. 306 
and D. 109 under most conditions in Porto Rico and that we cannot 
lecommend their use. H 109 is more resistant but cannot be recom¬ 
mended. B.H. 10(32) and S.C. 12(4) which may be looked upon 
ns the leading varieties in Porto Rico at this time are fairly resistant 
under most conditions in Porto Rco, but the writer has seen several 
severe outbreaks of the disease on B.H. 10(12) and a few severe 
attacks on S.C. 12(4). Although Uba is so resistant that for a 
time the writer considered it practically immune, one field was found 
in which this variety was heavily infected and a few fields in which 
there was a slight infection. 

A comparative study of the structure of the leaves of a large 
number of varieties was made and it was found that resistance was 
correlated to a greater of less degree with structure, although this 
may not be the only factor involved. Varieties in which the fibro 
vascular bundles of the leaves were closely placed were more resistant 
than those varieties in which they were widely separated by paren¬ 
chyma tissue. This is in harmony with the fact that the fungus 





THE EYE-SPOT DISEASE OP SUGAR CANE 


223 


penetrates between the veins of the leaf and makes its first growth 
and in fact most of its growth in the parenchyma tissue. 

A limited study was made of the roots but no injuries were traced 
to 3. sacohari. Cultures of the organism were applied to the roots 
of growing cane in the greenhouse but we failed to find any evidence 
that the organism attacks the roots. 


GUHATIO FACTORS 

Very early in our studies on this disease, it became evident that 
there were three very important factors in its severity: variety, 
temperature and moisture. The question of variety has already re¬ 
ceived consideration in the preceding pages. 

Although the disease is much more severe in Porto Rico during 
the winter than during the summer months, it can be found at all 
times during the year. Fortunately, the U. S. Weather Bureau has 
excellent rainfall and temperature records for the three points where 
we made our studies. Tables X and XI are made from these records 
and is an average for 1922 to 1926 inclusive (except for the tempera¬ 
ture record at Rio Piedras which covers only three years). Hydro- 
graphs were placed at two points on the property of Central Cam- 
halache; one near the coast where the records contained in Tables 
VIII and IX were made and the other in the hills. The later in¬ 
strument was removed to the Granja and was broken by the wind 
storm that swept over the Island July 23rd, 1926. We have no rec¬ 
ords of value from this instrument. Two instruments were placed 
on the property of the Fajardo Sugar Co.; one in the locality of 
high humidity and the other in a locality of low humidity, a hydro¬ 
thermograph was placed in the field on the Insular Experimental 
Station Farm from which the records of Tables V, VT and VII were 
made. All these records have been of value in our studies, but the 
hydrograph records have not been satisfactory as we had hoped for 
when the work was started. 


Table XI 

SHOWING AVERAGE RAINFALL AND TEMPERATURE OVER FIVE 

YEARS (1922-26) 

Except for Rio Piedras, where the temperature coven three yean only , 

AVERAGE RAINFALL 

■Tan Feb. Mar. Apr. May June July Atg. Sept. Oet. Not. Dee. 


Rio Piedras_ 4.65 6.17 4.85 4.44 8.10 6.55 10.56 7.50 6.68 6.i+ 7.86 6.85 

Arecibo_ 4 24 6 84 8.88 4.40 1.50 8.24 4 21 5.20 4.82 4.88 6.88 7)2$ 

Fajardo_ 2 75 8.71 2.84 8.01 2.88 8.68 4.48 6.89 4.07 7.65 8.28 8.8f 

AVERAGE TEMPERATURE 

Rfo Piedras_ 78.1 75.1 74.4 75 7 77 8 77.8 77.7 78.7 78.8 78.2 76.8 75.2 

Areeibo_ 73.7 78 8 75 8 77.6 79 5 80.0 80 4 811 80 9 79.7 77.9 74.7 

jFajardo_ 77.1 76 5 77.1 78.9 80.9 81.6 82 0 82.4 82.8 81.2 79.8 77.S 
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The compilations from the U. S. Weather Bureau records (Tables 
X and XI) show a gradual decline in temperature from September 
to January and then a gradual rise until June. The coolest months 
are November to February inclusive and the warmest months are May 
to Ofctober inclusive. Of course the temperature was slightly lower, 
during the night and somewhat higher during the day than is shown 
on the chart. The disease is most severe during November, Decem¬ 
ber, January and February, and March the period of lowest tempera¬ 
ture. The average rainfall for the same period is also shown on this 
chart. It will be readily seen that the greatest rainfall with one 
exception coincides fairly well with the period of low temperature. 
Our studies indicate that a low temperature and a high atmospheric 
humidity are most favorable for the development of this disease but 
it is very evident that the disease is more sensitive to variations in 
temperature than to variations in rainfall. 

The thermograph records at Bio Piedras showed the lowest tem¬ 
perature during the winter months and the highest during the sum¬ 
mer, the most noticeable being about November 1st which was also 
the date of a rapid increase in the eye spot. The hydrojraph showed 
a higher humidity during the summer months than during the winter 
months. 

The hydrograph at Arecibo was placed near the ocean, where it 
was under the influence of a wind current from the ocean practically 
all the time, and showed a slightly higher humidity during the sum¬ 
mer months. This is in harmony with the rain fall records although 
ther ranges at Arecibo are not so pronounced as at other points. The 
average temperature records are lowest from December to March 
inclusive, the period of greatest severity for the disease. 

At Fajardo, the range of lowest rainfall according to the U. S. 
Weather Bureau reports was from December to June inclusive and 
the lowest temperature from December to March inclusive, which 
was also the period of greatest severity for the disease. However, 
there was one record at Fajardo that was especially interesting. At 
one point (Paraiso) the rainfall ranged from 1.20 inches in March 
to 3.20 inches in October greater than the average for nine years for 
the Central zone. The disease was always more severe at this point 
than at two other points (Fortuna Centron and Santa Bita) where 
the local rainfall coincided quite well with the average for the 
Central zone. 

However, a paper on “Relation of Temperature to the Growth ’ 
of the Eye Spot Fungus” by Halma and Fawcett (0) was published 
in Phytopathology, August 1925, which has been valuable to us in 
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our work; according to the studies of these workers the fungus makes 
its most rapid growth under laboratory conditions at about 84° F. 
It grows more slowly at both higher and lower temperatures, making 
no growth at temperatures above 95 and very slow growth at 56 
degrees. 

We do not have the equipment for extensive experiments on either 
temperatures or humidity, but the results obtained With the one 
thermograph here at the Experiment Station and a study of the 
disease in connection with the U. S. Weather Bureau records indicate 
that the organism makes its best growth with an average outdoor 
temperature ranging from 73 to 77 degrees F. which is lower than 
the optimum temperature in the laboratory experiments with Ike 
organism in Hawaii. Of course it must be remembered that Weather 
Bureau records are not made in cane fields and that temperatures 
vary with local conditions and character of plant growths within 
short ranges of distance. 

We have not done any experimental work for the control of this 
disease. The F.C. 306 and D. 109 which are our most susceptible 
varieties are gradually giving way to the more desirabe canes, such 
as B.H. 10(12) and S.C. 12(4) which are much more resistant to 
the disease and this is solving our problem of control at this time. 
The future development or introduction of more valuable canes 
Wiich are susceptible to the disease may force studies for the control 
of the disease in the future. 


SUMMARY 

1. The “eye spot” disease which is caused by Hehninthosporium 
tacchari Butler is serious on certain varieties of sugar cane in Porto 
Bico. 

2. It is most severe on F.C. 306 and D. 109 with H. 109 as a 
poor third. The Uba and P.O.J. canes are most resistant. 

3. The susceptibility varies with leaf structure, the higher the 
fiber content the greater the resistance. However, there appears to 
be some slight correlation with sucrose content. 

4 The young leaves are more susceptible than the old leaves; the 
bases and upper surfaces more susceptible than the tips and lower 
surfaces. 

5. The spores and sporophqfes germinate readily in water and 
penetrate the leaf without regard to the stomata. The greatest 
mycelial growth is in the parenchyma tissues. The spores are borne 
more abundantly on the lower than on the upper surface of the leaf. 

6. The disease is most severe during the cool, wet months of the 
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year. Temperature appears to be the most important environmental 
factor. 

7. The most satisfactory control for Porto Rico at his time con¬ 
sists in the use of resistant varieties. 

The writer wishes to express his thanks to the Hon. C. E. Char- 
d6n, Commissioner of Agriculture of Porto Rico; Mr. Rafael Me- 
n6ndez, Director of the Insular Experiment Station at the time the 
work was started; Mr. F. A. L6pez Dominguez, present Director of 
the Insular Experiment Station; Dr. 0. L. Fassig of the U. S. 
Weather Bureau in San Juan; Mr. R. A. Veve of the Fajardo Sugar 
Company; Mr. Pedro Olivencia of the Cambalache Sugar Company 
and many others for their assistance in this work. 
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EXPLANATION OP PLATES 

Fig. 1.—Spores of Helminthosporium sacchari, showing a variety of 
sizes and variation. 

Fig. 2.—Sporophores of H. sacchari, showing variations. 

Fig. 3.—Sporophore and spore. 

Fig. 4.—Germination of spores. 

Fig. 5.—Germination of sporophore. 

Fig. 6.—A spore germinating on a glass slide. 

Fig. 7.—Germinating spores on leaf of sugar cane. No discolora¬ 
tions. 

Figs. 8 a and h. —Germinating sporophores on cane leaves, a shows 
the first trace of the formation of a spot. In 6 shows the dotted 
line indicates the size of the spot which lies between two fibro- 
vascular bundles. 

Fig. 9.—A diagram of the lower margin of the leaf showing myce¬ 
lium masses on the surface and also next to the fibro-vascular 
bundle. (Cross section.) 

Fig. 10.—A germination spore on a leaf. One branch of the germ 
tube has penetrated the leaf and a spot is forming. 

Fig. 11.—Showing the massing of the fungus near the lower gurfaqpi 
of the leaf, the breaking through the epidermis, the growth on 
the surface and the formation of the sporophores. (See fig. 9). 

Fig. 12.—The inter and intra-cellular growth of the mycellium. 

Figs. 13-15.—'The growth of the fungus in the cells. The large cir¬ 
cles in 14 and 15 are tracheary tubes. 
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TBS EFFECT OF MOSAIC ON THE CONTENT OF THE 

PLANT CELL 

Melville T. Cook, Chief of the Division of Plant Pathology 

This paper is a report on a continuation of the studies on the 
cytology of mosaic plants. The studies in the first paper (1) were 
restricted to sugar cane, but the studies discussed in this paper were 
extended to include t obacc o for the purposes of comparison. The 
greater part of this paper will be devoted to the chloroplasts, but 
some attention will be given to the mosaic patterns on the leaves 
and to other points. 

The writer has already called attention to certain differences in 
the cells from old and young leaves of a cane plant infected with 
mosaic (1). It Will be readily seen that the outside leaves of a 
fligar-cane plant are not only older than the inside leaves but that 
they have been subjected to the influence of sunlight and other 
external agencies for a mush longer time; and it is well known 
that the older leaves of sugar cane-and tobacco plants which are 
infected with mosaic, tend to lose their chlorotic character and be¬ 
come green after long exposure to sunlight. 

In making these studies two plants of the same variety and age, 
one apparently healthy and the other infected with mosaic, were 
selected. Small pieces of tissue from corresponding parts of cor¬ 
responding leaves were killed and fixed in weak Flemming solution, 
embedded in paraffine and stained by the triple-stain method. In 
the case of the diseased plant, the pieces were cut from both chlorotic 
and green areas and kept separate. This work was repeated several 
times but the drawings were made from two cane and two tobacco 
plants. In some cases plants with as many as thirteen leaves were 
selected while in other cases plants with as few as five leaves were 
selected. Sections were also made from the inner rolled leaves of 
the cane which had not been exposed to the direct action of the xnn 
and in which it was impossible to distinguish the chlorotic areas. 

Sugar cane and tobacco were selected for this work partly be-' 
cause they are important crops in Porto Rico and partly because 
they are so widely separated fh the plant kingdom; one being 
monoeotyledonous and the other dicotyledonous. In the sugar 
the leaves are rolled so that the young leaves are protected from 
the sunlight by the old leaves for a long time, while in the case of 
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the tobacco the leaves are exposed to the direct action of the sun 
■when very young. This is a very important point in making the 
comparison because of the fact that the sunlight appears to have 
some effect on the chloroplasts of the chlorotic cells. 

Before entering into the discussion of the effect of mosaic on the 
contents of the cell we will briefly review a few of the well-known 
facts concerning the effects of mosaic on the plants. It is well 
known that when plants are severely infected with mosaic, they are 
usually dwarfed : that the leaves of mosaic'tobacco plantB are smaller 
than leaves of normal plants; that in the case of many species, the 
chlorotic areas of leaves of mosaic plants are slight ly th inner than 
the leaves of healthy plants; in the case of tobacco and many other 
plants there is a decided modification of the leaf tissues of mosaic 
plants in that the palisade is replaced by mesophyll and that the 
inesophyll in general becomes more compact than the mesophyll of 
an apparently healthy leaf. The meager statements concerning cell 
contents are indefinite and contradictory. Thus far the writer has 
been unable to detect any differences between the tiS&ues from green 
areas of mosaic plants and the tissues from apparently healthy plants. 
Therefore, for the sake of brevity, we will always refer to the green 
or normal in comparison with the chlorotic or diseased areas. 

In general it may be said that the action of sunlight on diseased 
plants tends to reduce the symptoms of the disease so far as color is 
concerned. This has been noted by the other workers and the writer 
lias made a careful study of this point on the two plants und er 
consideration. In both cases leaves that are very chlorotic when 
young tend to become green with age. In fact this is so pronounced 
that in some cases it is almost impossible to select chlorotic areas in 
old leaves with any degrees of certainty. It is also true that the 
sunlight or some other factor tends to bring the choroplasts of cells 
in chlorotic areas to normal in appearance. 

These studies have shown that in the chlorotic areas in leaves 
of sugar cane, the most striking cytological characters are the reduc¬ 
tion of the chloroplasts in size and number, usually accompanied by 
an enlargement and deformity of the nuclei and occasionally by the 
presence of intra-cellular bodies. In the case of tobacco the chloro¬ 
plasts respond to the disease the same as in the sugar cane but 
there is no such marked modification of the nuclei. However, jthe 
intra-cellular bodies are very frequent and readily detected. 

The young leaves of the sugar cane before unrolling are uniformly 
white or nearly so, and it is impossible to say which areas are to be- 
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come green and which are to remain white or chlorotic until they have 
been exposed to the light; but a cytological study of these leaves show 
that certain groups of cells already possess certain characters of 
chlorotic areas of later periods. The young leaves of diseased to¬ 
bacco are usually almost white but develope the mosaic pattern with 
age. A cytological study of these young leaves reveals groups of 
cells which show the effects of the disease before the leaves show the 
mosaic pattern. 

Kunkel (6) as a result of his studies on sugar cane says: 

“The pattern shown by the leaves of most plants afflicted with mosaic is 
already present when the young leaves unfold and begin to turn green. For this 
reason it is in most cases not possible to determine how the chlorotic areas arise. 
In the case of sugar cane, however, the pattern shown by old leaves is usuaUy not 
present on young ones and it is, therefore, possible to observe the chlorotic areas 
in process of formation. It has been observed that they begin as small spots 
scattered about over the leaf. The spots grow and finally include much tissue 
that was at first a normal green color. In their growth, tho spots that happen 
to be close together coalesce and form chlorotic areas of various sizes and shapes. 
While the areas resulting from the fusion of two or more spots are quite irregular 
in shape, the spots themselves show considerable regularity . 9 ’ 

Further on in this paper he says: 

“While a part of this enlargement was due to the growth of the leaf, most 
of it resulted from the spread of chlorosis in <he normal green tissues bordering 
the spots.’’ 

Our studies indicate that the chlorotic areas in sugar cane are 
quite definitely determined before the formation of chlorophyll which 
enables the observer to detect them with the unaided eye. The areas 
which are to be chlorotic can certainly be detected in properly pre¬ 
pared microscope sections. These areas increase in size with the 
growth of the leaves, but so far as the writer has been able to deter¬ 
mine they do not encroach on the surrounding green tissues and do 
not coalesce. The increase in size appears to be by cell division and 
growth and not by infection of surounding cells. 

Kunkel also states that— 

‘ ‘ It has been observed, however, that new spots sometimes arise in the normal 
green tissuee as leaves unroll from t]^ spindle.’’ 

My study of sections show that groups of cells so small that they 
cannot be seen with the unaided eye frequently occur in green areas 
cf young leaves. It is very probable that groups of this kind en¬ 
large with the growth of the leaf and give the appearance of new 
spots. 
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Kunkel also says— 

“It has frequently been obeemd that the central areas of some spots are 
a normal green color and that only the borders are markedly chlorotic. Sometimes 
a small elongated chlorotic Bpct lies in the center of the green area.” 

The writer has observed the same character and has also been 
able to trace them by means of sections back into young leaves. 

It will be readily seen from this discussion that the patterns can- 
rot be detected on the young leaves previous to the formation of 
chlorophyll Exposure to sunlight intensifies the patterns for a time 
but eventually the chlorotic areas undergo a slow formation of 
chlorophyll until it is practically impossible to detect the patterns in 
the very old leaves. This has been observed by Kunkel who says: 

“Tn other varieties, the light, greenish areas, instead of deteriorating as the 
leaf ages, have a tendency to recover. They may become so green that it is 
difficult to distinguish them from areas of normal green color.” 

The presence of the great masses of trichomes makes it very dif¬ 
ficult to study the early stages of the mosaic patterns on the tobacco. 
However, the writer is inclined to believe that they develope in the 
same manner as in the sugar cane; and it is certainly true that their 
later history is the same. 

CYTOLOGICAL CHARACTER 

The references to the chloroplasts in the early literature are brief 
end unimportant. Koning (5), in his study of tobacco mosaic (1899) 
found that chloroplasts were disorganized. Ivanowski (4), in his 
■•tudies on tobacco mosaic (1903) reports that the chloroplasts in the 
chlorotic cells were yellowish and scarcely reacted to the starch test 
but later they contained as much starch as they could hold. Wes- 
terdyk (9) made a study of the tomato mosaic and reports (1910) 
that the chloroplasts of the chlorotic areas were slightly smaller. 
Melchers (8), made a study of the mosaic of tomatoes and reported 
1 1913), that no difference was detected in the number and size of 
the chloroplasts in the yellow and green areas. Matz (7), mad e a 
study of the mosaic disease of the sugar cane and writes (1922) as 
follows: 

“In the diseased tissues the chloroplasts are few and are evidently misshaped 
and broken up. In stained sections they look like mere ink spots, one or two in 
a cell. This destruction of chloroplasts is a symptom of sugar-cane mosaic and 
it fixes the seat of the disease more definitely. Apparently the cell walk) and 
other edl contents are not affected, bat the chloroplasts are gradually destroyed.” 
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*It wag seen that the breaking up of the chloroplasts begins with a redue- 
tioa in their size* The chloroplasts in the healthy or green parts of the s*™?* 
leaf were normal in their sise and numbers, while in the discolored or pale-green 
striped chloroplasts in all stages of reduction were noted.’ 9 

Dickson (2), made a study of a considerable number of species of 
plants infected with mosaic and reported (1922) that the ™n a of 
the chlorotic areas contained less chlorophyll because of the fewer 
chloroplasts, less chlorophyll per plastid, the beaking down of the 
plaatidb or the general coalescence and degeneration of the piqaHd s 

As a result of cytological studies on the mosaic of sugar cane, 
the writer of this paper-wrote (1) as follows: * 

“A study of the cells of these leaves shows that the chloroplasts are more 
numerous in the dark-green than in the light areas. Therefore, it appears that 
in the case of the light-green areas the formation of the chloroplasts is inhibited 
bnt that with the exposure to sunlight this inhibition is gradually overcome.” 
****##» 

“The chloroplasts in the white or yellow areas were fewer in n umb er and 
smaller than in the green areas. 99 

******* 

“The small chloroplasts of the mosaic cells are usually spoken of as having 
undergone a process of degeneration. The writer has studied the chloroplasts in 
the very young unrolled leaves and ie satisfied that these chloroplasts are un¬ 
developed rather than disintegrated. They have never reached normal develop¬ 
ment. Furthermore a study in a series of leaves from those just unrolling to the 
outermost on a plant shows ttiat the chloroplasts of both normal and mosaie 
cells increase in size after being exposed to the light. These changes which are 
apparently due to age or light are so pronounced that there is very little difference 
in size of the chloroplasts in a leaf of the same age from a healthy plant. The 
writer is very doubtful if disintegration ever occurs in the case of primary in¬ 
fection (i.e., infection from the seed).” 

Since the writing of the above paper, Eckerson (3), published the 
results of her studies on tomato mosaic in which she describes a 
flagellate organism found in the chloroplasts. In this paper she 
repeatedly refers to the “dissolution" and “liquification" of the 
chloroplasts. 

In the light of these recent studies on mosaic it seemed advisable 
to extend my own studies; to repeat the studies on the sugar cane 
end to make a comparison with the tobacco. These two species were 
available in great abundance gnd since they ate widely separated 
in the plant kingdom they appeared to be especially satisfactory for 
this purpose. 

The plants for these studies were carefully selected. Healthy and 
diseased plants of sugar cane or tobacco of the same variety, age and 
approximately of the same size having been selected, the studies Were 
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made on corresponding tissues under as nearly the same conditions 
as possible. The plants were grown within less than 100 yards of 
the laboratory which facilitated the immediate study of fresh tissues 
and the immediate killing and fixing of tissues for sectioning. 

In the study of the sugar cane it must be remembered that there 
are two types of parenchyma cells in the leaves: (1) The single 
layer of cells which form a sheath around the fibro-vascular bundle 
and which we will refer to as the sheathing cells are very regular 
in size and shape. They are tubular, more or less cylindrical and 
placed lengthwise with the fibo-vascular bundle; and (2) the ordi¬ 
nary mesophyll cells which are very irregular in both size and form. 

In the series of cross sections of leaves of healthy plants from the 
inside outward (Figs, la to 1 e), beginning with leaves that are of 
an age corresponding to diseased plants in which the chlorotic areas 
can be detected without error, it will be readily seen that there is 
no very great variation in character of cells, nuclei or chloroplasts. 
Cross sections from corresponding parts of diseased plants (Figs. 2 a 
to 2 c) show that the nuclei are more or less enlarge or irregular 
in form and that there is a tendency for the chloroplasts to be slightly 
more numerous and larger in the outer leaves which are older and 
have had a longer exposure to light than in the inner leaves. 

These characters are much more prominent in longitudinal sec¬ 
tions than in cross sections as will be readily seen by a study of the 
figures 4-6 which were drawn from sections made from the same 
leaves as those from which figures 1 and 2 were drawn. The nuclei 
and chloroplasts in the sheathing cells in leaves from the inside of 
a healthy plant are practically the same (Figs 3a-3e). An exami¬ 
nation of sections from corresponding cells of a diseased plant (Figs. 
4 a-4 e) show that the nuclei in the sheathing cells are slightly larger 
than in the corresponding cells of a healthy plant. Also the chloro¬ 
plasts in the sheathing cells of the inner leaf are few and small but 
increase in size and number from the inner to the outer leaves. The 
same facts are brought out by a study of the nuclei and chloroplasts 
of the ordinary parenchyma cells. The nuclei and choroplasts are 
v ery uniform in cells of leaves of a healthy plant (Figs. 5 a-5e) re¬ 
gardless of age; but in corresponding cells of the diseased plants 
tne nuclei are very generally larger and irregular in form, while the 
chloroplasts tend to increase in number and size from inner to outer 
leaves. A considerable number of plants were used in making these 
studies, but all the drawings 1 to 6 were made from two plants. 

A more detailed study of the nuclei and chloroplasts of these mma 
cells emphasizes the points previously referred to. The nuclei (Fig. 
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7) of the sheathing cells of a healthy plant are very regular and 
uniform in size while those from the sheathing cells of a diseased 
plant (Fig. 8, a to e) tend to be slightly larger and occasionally 
elongated. In the ordinary mesophyll cells of a healthy plant the 
nuclei (Fig. 9) are quite regular as compared with the nuclei (Fig. 
10, a to e) from the corresponding cells of a diseased plant; many 
(but not all) of which are very irregular in size and shape. 

The chloroplasts in the sheathing cells (Fig. 11) of a healthy 
plant are large and the markings well defined as compared with the 
chloroplasts (Fig. 12, a to e) from the corresponding cells of a diseased 
plant which are small and with poorly defined markings. The chloro¬ 
plasts (Fig. 13) in the ordinary mesophyll cells of a healthy plant 
are large and regular as compared with the chloroplasts (Fig. 14, a to 
e) from the corresponding cells of a diseased plant. Etowever, as pre¬ 
viously stated, the chloroplasts in the chlorotic areas in the older 
leaves of a diseased plant are very nearly or quite normal in appear¬ 
ance. No disintegration of the chloroplasts were observed in any 
case except in the very old leaves which were decaying from old age 
of in tissues which were decaying as a result of the attacks of fungi. 

The above studies were followed by the study of cross sections of 
leaves well within the spiral which had not been exposed to the direct 
ifeht of the sun. These leaves were white and there was no indica¬ 
tion of the formation of chlorophyll (Figs. 15-16). By carefully 
selecting severely diseased plants it was possible to find many groups 
of cells with enlarged or deformed nuclei. It appears that these 
groups of cells are destined to grow into the chlorotic areas. These 
cells no doubt increase in size and divide but the writer is very 
doubtful if the surrounding cells become chlorotic. It will be readily 
seen that it is difficult to secure evidence for or against this opinion 
but the study of spots on leaves that were showing the green failed 
to show any evidence that the spots were increasing in size except 
with the growth of the leaf. The writer is in disagreement with 
Kunkel on this point. 

Groups of apparently normal cells so small that they cannot be 
detected by the unaided eye can be found within groups of diseased 
cells of the chlorotic areas. This no doubt accounts for the small 
island of green tissue surrounded by chlorotic tissue as observed by 
Kunkel and the writer. Likewise, groups of abnormal cells so small 
that they cannot be detected by the unaided eye are frequently found 
in sections made from apparently normal tissue. 

Similar studies on healthy and diseased plants of tobacco do not 
show any great variation in the nuclei, but the history of the ehloro- 
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plasta is exactly the same as in the sugar cane. The chloroplasts in 
the mesopliyll cells of a healthy plant are large and regular (Fig 
18-19) as compared with the chloroplasts from corresponding cells 
of the chlorotic areas of a diseased plants (Figs. 20 and 22 ) In 
the stndy of a series of sections from young to old leaves of a diseased 
plant, there is a pronounced tendency for the doroplasts to become 
normal in appearance with age and exposure to light and possibly 
other agencies. 

The tendency of leaves of diseased plants of both sugar cane and 
tobacco to become more or less uniformly green with age and exposure 
to sun light is no doubt due to tendency of the chloroplasts in the 
cells of the chlorotic areas to increase in number and size. This 
could not possibly be the case if the chloroplasts were undergoing 
disintegration. 

The intra-cellular bodies previously described by Kunkel are rare 
in sugar cane but are quite common in diseased tobacco (Figs. 23- 
25). They appear to be the same as the bodies described and figured 
by Iwanowsky in his studies on mosaic of tobacodl* The writer is 
inclined to believe these bodies to be the result, rather than the cause 
of the disease although it is difficult to point out any very definite 
reasons for this opinion. Circles (Fig. 23) and some other points 
noted by Iwanowsky can be found occasionally in both diseased to¬ 
bacco and diseased sugar cane but there does not appear to be any 
good reason for believing that they have anything to do with the 
disease. Small moving bodies are very abundant in the cells of 
mosaic tobacco plants but these same bodies can be found in healthy 
plants, although they are not so abundant. These same or similar 
bodies can also be found in diseased and in healthy sugar cane but are 
much less abundant than in tobacco. The writer failed to find any 
flagellate bodies attacking the chloroplasts as were described by 
Eokerson as attacking chloroplasts of the tomato. However, this 
phase of the question is worthy of further investigation. 

SUMMARY 

1. The mosaic pattern is indistinct on the very young leaves, 
becomes prominent with the growth of the leaves; then becomes less 
distinct with age. 

2. The chlorotic areas tend to become green with age. This is 
probably due to the action of the sunlight on the chloroplasts. * 

3. The chloroplasts in the chlorotic areas are fewer in number and 
smaller than in the green areas. There is no evidence of disinte¬ 
gration. 
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4. The tendency of the chlorotic areas to become green with age 
Is dne to increase in number and size of the chloroplaits. 

6. The chlorotic areas can be detected by cytological studies be¬ 
fore the unfolding of the leaves. ' 

6. The chlorotic areas increase in size by cell division and cell 
growth and not by the infection of surrounding cells or by a disin¬ 
tegration of the chloroplasts of the surrounding cells. 

7. The formation of apparently new chlorotic areas in leaves is 
probably due to very small infected areas which increase in size with 
oe general growth of the cells. 

8. Green areas in a 'chlorotic area can be detected by cytological 
studies before they can be detected by the unaided eye. 

9. The small size and number of chloroplasts is common to both 
sugar cane and tobacco when infected with mosaic. 

10. The nuclei of diseased cane cells are usually enlarged or de¬ 
formed, but this is not true of tobacco. 
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explanation of plates 

Figs, la to le.—Cross sections from a series of normal leaves showing 
sheath cells of the fibro-vascolar bundles and ordinary parenchyma 
la is the youngest and le the oldest leaves in the series. 
Leaves b and d omitted. 
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Figs. 2 a to 2e. —Cross sections from a series of mosaic leaves showing 
sheath cells of the fibro-vascular bundles and ordinary parenchyma 
cells. 2a is the youngest and 2e the oldest leaves in the series. 
Leaves b and d omitted. Note the reduced number and size of 
the chloroplasts and the abnormal nuclei as compared with Fig. 
la to le. Note also the chloroplasts tend to become normal in ap¬ 
pearance with age. 

Figs. 3a to 3e.—Longitudinal sections of sheath cells of the fibro- 
vascular bundles from the same leaves as Figs, la to le. 

Figs. 4a to 4e.—Longitudinal sections of sheath cells of the fibro- 
vascular bundles from the same leaves as Figs. 2a to 2e. 

Figs. 5a to 5e.—Ordinary parenchyma cells from same leaves as Figs, 
la to le. 

Fjgs. 6a to 6e.—Ordinary parenchyma cells from same leaves as Figs. 
2a to 2e. 

Fig. 7.—Four nuclei from sheath cells of normal leaves. From same 
leaves as Figs, la to le. 

Figs. 8a to 8e.—-Four nuclei from sheath cells of mosaic leaves. From 
same leaves as Figs. 2a to 2e. 

Fig. 9.—These nuclei from ordinary parenchyma cells or normal 
leaves. From same leaves as Figs, la to le. ^ 

Fig. 10.—Eight nuclei from ordinary parenchyma cells of mosaic 
leaves. From same leaves as Figs. 2a to 2e. 

Fig. 11.—Chloroplasts from sheath cells of normal leaves. Same 
as Figs. 1 and 3. 

Figs. 12a to 12e.—Chloroplasts from sheath cells of normal leaves. 
Same as Figs. 2 and 4.—(a inside leaf, e outside leaf.) 

Fig. 13.—Chloroplasts from ordinary cells of normal leaves. Same 
as Figs. 1 and 5. 

Figs. 14a to 14e.—Chloroplasts from ordinary cells of mosaic leaves. 
Same as Figs. 2 and 4. (a inside leaf, e outside leaf.) 

Figs. 15-16.—Sections through leaves of mosaic plants which had 
not been exposed to the sun. No chlorophyll had been developed 
but many of the nuclei were abnormal. 

Fig. 17.—Cross section of normal leaf of tobacco. 

Figs. 18 and 19.—Cells from cross section of normal leaf of tobacco 
figured in 17. 

Fig. 20.—Cross section of mosaic leaf of tobacco. Same age as 17. 
Note the abnormal chloroplasts. 

B'igs. 21 and 22.—Cells from cross section of mosaic leaf of tobacco, 
figured in 20. Note the abnormal chloroplasts and the intra- 

-cellular bodies. 

Fig. 23.—Cells from cross section of mosaic tobacco leaf, figured 
in 21. Note the intra-cellular body in one cell and the rings in 
the other. 

Fig. 24.—Cell from cross section of mosaic of leaf of tobacco. Note 
the intra-cellular bodies and the abnormal chloroplasts. 

Fig. 25.—Plant hair from mosaic tobacco. Note the intra-cellular 
body in the outer cell. 

Fig. 26.—Nuclei and intra-cellular bodies from cross section of mo¬ 
saic leaf of tobacco, figured in Fig. 20. 
















PHOTO SYNTHESIS OP THE SUGAR DANE MOSAIC PLANT 

Melville T. Oook, Chief of the Division of Plant Pathology 

The symptoms of the mosaic diseases of many plants and the 
Symptoms of plants with similar diseases such as “peach yellows” 
and “little peach” indicate a reduced or disturbed photo-synthesis, 
which usually results in a reduced growth or death or both. 

References have been made in a number of papers on mosaic 
diseases to the amount o f starch in the chlorotic cells of diseased 
plants but so far as the writer has been able to determine no spe¬ 
cial studies have been made on the relationship of the disease to 
photo-synthesis or any comparative studies on the photo-synthetic 
action of normal plants and those infected with mosaic. It is the 
purpose of this paper to give some of the accumulated data bearing 
on the photo-synthetic activities of some mosaic plants and the re¬ 
sults of our own studies on the photo-synthesis of mosaic of sugar 
cane as compared with healthy plants. 

The white, yellowish and light-green areas which are character¬ 
istic of mosaic plants indicates a reduction in amount or absence 
qf chlorophyll, or an abnormal condition of same and most of the 
references in the literature indicate that this is true. Any of these 
conditions would necessarily interfere with the photo-synthetic activi¬ 
ties of the plant. The limited references to this phase of the sub¬ 
ject may be summarized as follows: In 1899 Koning (8) who was 
making a study of tobacco mosaic called attention in some cases to 
the disorganization of the chloroplasts. In 1900 Woods (12) reported 
that the light-colored areas of both tobacco and tomato plants in¬ 
fected with mosaic contained more than the normal amount of starch, 
which is contrary to the findings of most workers. And in 1902 ( 18 ) 
the same author makes this statement: 

“the disease is not primarily a disease of the chloroplasts; as Beijerinck 
thought, is evident from the fact that in the less pronounced cases the chloroplasts, 
though fewer in number, are not decreased in size or activity.’’ 

In 1903 Iwanowsky (7) reported that when the leaves* of mosaic 
tobacco plants were young, the^chloroplast in the light areas were 
yellowish and scarcely reacted to the starch tests, but that later the 
chloroplast contained a large amount of starch. This indicates that 
the plant passes through an abnormal condition from which it partly 
or completely recovers so far as the photo-synthetic processes are 
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concerned. In the same year Bouygues (2) reported the disappear' 
anoe of the cell contents in the light areas of mosaic tobacco leaves. 
Jn 1910 Westerdyk (11) reported that in the case of tomatoes, the 
chloroplast in the cells in the yellow areas were smaller than those 
in the green areas and contained very little starch. In 1913 Mel- 
chers (9) reported on tomato mosaic as follows: 

“No difference was detected in the number or size of the chloroplast in the 
yellow and green areas. That they were well supplied with starch was apparent.” 

The same author in the same year reported on potato mosaic as 
follows: 

“The chloioplast throughout the yellow regions in the living material were 
a pale yellowish-green but contained considerable starch.” 

In 1918 Artschwagcr (1) reported an accumulation of starch in 
the leaves of leaf-roll potatoes. In this same year True and Haw¬ 
kins (10) conducted chemical studies on spinach which indicated 
that both starch and sugar content were greater 1% diseased than 
healthy plants. Their results are summarized as follows: 

“It appears that in spinach-blight the process of carbo-hydrate manufacture 
is not inhibited although it may be retarded.” 

These studies were chemical and not cytological and were made 
on diseased plants as compared with healthy plants; but not on 
chlorotic areas as compared with normal areas. It is doubtful if 
these results should be placed in the same category as the others 
which are referred to in this paper. In 1921 the author (3) of this 
paper reported the results of studies on “peach yellows” and “lit¬ 
tle peach”. These Studies indicated that the translocation of starch 
was partly or completely inhibited in the diseased trees. The ac¬ 
cumulation of starch no doubt explains the thick, leathery texture 
of old leaves infected with either of these diseases. In 1922 Dickson 
(6) reported that in tobacco-mosaic leaves there was a reduction in 
the number of chloroplasts which in the case of the palisade cells 
were irregularly arranged in the lower half of the cells. In 1925 
the author of this paper expressed the opinion as a result of the 
study of the histology and cytology of mosaic sugar cane ( 4 ) that 
the chloroplasts did not undergo disintegration but that their devel¬ 
opment was inhibited. In 1927 the writer of this paper reaffirmed 
( 5 ) his opinion that the chloroplasts of the chlorotic areas did not 
undergo degeneration as a result of the disease but that they were 
undeveloped from the beginning and tended to become normal in 
annearance with age and exposure to sunlight. 
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A careful review of the data presented in the papers bearing on 
this subject, show some differences of opinion concerning the con¬ 
tents of the cells, especially with reference to the presence and char¬ 
acter of the ehloroplasts, but the paper on “peach yellows” and 
“little peach” by the writer (3) of this paper is the only one that 
the author has been able to find in which there is any effort 10 
correlate the presence or absence of carbohydrates with the photo¬ 
synthetic activity of the plant. 

During the past three years the writer of this paper has been 
making studies on the photo-synthetic activity of sugar-cane plants 
infected with mosaic as compared with normal plants. These studies 
were restricted to the microscopic examination of plants collected 
between 5 and 6 A. M. and between 2 and 3 P. M. The tissues were 
treated in various ways to bring out the desired information. The 
plants for study were grown within 100 feet of the laboratory. In 
some cases the studies were made immediately on free-hand sections 
while in other cases the sections were prepared by longer processes. 

These studies showed that the normal plants and the green areas 
of the diseased plants performed their proto-synthesis in the normal 
manner and showed a large amount of starch in the afternoon and 
very little in the morning, while the white and light green or yel¬ 
lowish areas showed a small amount of starch in the afternoon 
and practically none in the early morning (Pigs. 1 to 4) It was 
very evident that the starch-forming power of the mosaic cane was 
reduced in proportion to the amount of infection while the power 
of translocation was practically unimpaired This is Ihe reverse to 
the findings of the writer in the case of the “peach yellows” and 
“little peach” in which the cells of the diseased leaves are filled 
with starch but in which the translocation is greatly reduced or 
completely inhibited. These studies indicate that we may have 
two types of disease; the one generally represented by the various 
mosaics in which the photo-synthetic activities are greatly reduced. 
The second which is represented by “peach yellow” and “little 
peach” in which starch is formed in the leaves but not transported 
to other parts of the plant, the result being that the leaves become 
hard and leathery. The accumulation of starch in the leaves of 
“leaf roll” potatoes which has-been referred to by Artschwager and 
the leather texture of the leaves of such plants, may indicate that 
the “leaf roll” of potatoes should be classed with the “peach yel¬ 
lows” and “little peach”. These studies also showed that the old 
leaves of sugar cane infected with mosaic produced more starch 
the young leaves of the same plants. This is no doubt due to the 
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fact that the ehloroplasts in chlorotic areas of mosaic plant? tend to 
increase in size and number with the age of the leaf as indicated in 
another paper by the author (5). 
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EXPLANATION of plates 

Fig. 1.—Cross section of leaf of normal plant at 3:00 P. M. 

Fig. 2.—Cross section of leaf of mosaic plant at 3:00 P. M. 

Fig. 3.—Cross section of leaf of normal plant at 6:00 A. M. 

Fig. 4.—Cross section of leaf of mosaic plant at 6:00 A. M. 
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THE UNROLLING OF THE LEAVES OF 8UOAR CANS 

Mel ville T. Cook, Chief of the Division of Plant Pathology 

The unrolling of the leaves of monocotyledonous plants, such as 
sugar c an e and corn is such a common phenomenon that it appears 
to have been overlooked by students and writers. While pursuing 
studies on the mosaic disease of the sugar cane the attention of the 
writer was attracted to the anatomical structures involved in the 
unrolling of the leaf. Before discussing this point it will be neces¬ 
sary to call attention to the structure of the mature leaf. In the 
mature leaf we find three sizes of fibro-vascular bundles. The 
largest constitute the parallel veins which are so well defined in the 
leaf as to be visible to the naked eye and extend from epidermis to 
epidermis. The other two sizes are arranged alternately and the 
number between any two of the veins is variable, but fairly constant 
for each variety. The medium-sized bundles are always in contact 
with the outer or lower epidermis and may or may not be in contact 
with the upper or inner epidermis. The space between the upper 
and lower epidermis which is not taken up by the fibro-vascular 
is filled with parenchyma cells of many sizes, the smaller ones being 
next to the bundles and to the lower epidermis which are in contact 
with the larger bundles coming in contact with the upper epidermis. 
The medium-sized cells are betweeu the bundles. The largest cells 
are in contact with or very near the upper epidermis. In some cases 
they supplant the ordinary type of epidermis and in fact are large 
epidermis ‘cells which extend far into the tissues of the leaf and 
have a thin cuticle on the exposed siyface. Therefore, there is much 
more parenchyma near the upper than near the lower epidermis and 
the large cells are nearer the upper epidermis. 

It is these large parenchyma or giant cells that are most important 
in the unrolling of the leaves. When the leaf is young the fibro 
vascular bundles are poorly developed and there is a much greater 
uniformity, in the size of the parenchyma cells than in the mature 
leaf. The fibro-vascular bundles mature with the increase in age 
and certain of the parenchyma cells near the inner or upper epi¬ 
dermis increase in size very rapidly and become the giant cells. The 
lateral enlargement of these giant cells force the leaves to unrell 
and assume the normal position. 

These large cells are probably filled with water and with the 

2J8 
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unrolling of the leaf they are exposed to the direct rays of the son 
which naturally aids evaporation. The loss of water from these 
cells naturally results in a contraction and upward rolling of the 
cells which is so characteristic of plants of this kind during periods 
of drouth. 

EXPLANATION OF PLATES 

Pig. 1.—Cross section through a very young leaf before it has 
started to unroll, u. e.=upper epidermis. 1. e.t=lower epider¬ 
mis. Note the very young fibro-vascular bundles; the uniform 
character of the mesophyll cells, some few of which are .en¬ 
larging. 

Fig. 2.—Cross section of an older leaf just starting to unroll. Note 
the increased development of the fibro-vascular bundles and the 
great variation in size of parenchyma cells as compared with 
Fig. 1. 

Fig. 3.—Cross section of a leaf fully unrolled. Note the fibro- 
vascular bundles which are almost fully developed and the great 
variation in size of the parenchyma cells. Note the very large 
parenchyma cells near the upper epidermis. It is the lateral 
enlargement of these cells which forces the unrolling of the leaf. 






ONION-LEAP ANTHRA0N08B 

J. A. B. Noll a, Assistant Plant Pathologist 

The fungus flora of Porto Rico has been the subject of detailed 
study during the last decade. A number of investigators have 
worked assiduously on various problems involved and have made 
very important additions to our knowledge of the subject. The 
present paper comprises the study of a new anthracnose disease of 
onions which was discovered by the writer in one of the eastern dis¬ 
tricts of the Island in January 1924. 

The destructive nature of the disease makes its study of interest 
not only to Porto Rico where onion-growing promises to become an 
important industry but to other onion-growing countries in the world, 
m which this crop so far as reports go, is not subject to this malady. 
There is here presented a brief report on the invelStigation of this 
disease and a description of the pathogene. A popular account was 
published by the writer in 1925 (4). A note on this disease was also 
given by Cook (1). 

SUSCEPTS 

* ^ 

* Allium cepa L. (Market onion) has been most seriously affected 
and the false shallot to a lesser extent. Infection has been produced 
on the latter, both under laboratory and field conditions. Plants of 
all ages are equally susceptible, although most of the damage ap¬ 
pears to occur in plants three months old and during rainy weather. 
However, that plants of this age happen to be so seriuosly attacked 
under the prevailing weather conditions, is no indication that they 
are at this age most highly susceptible. The outbreaks of this disease 
here recorded appear to be correlated with the amount of rainfall 
and the length of the rainy periods. 

Varietal Susceptibility 

The work of Walker (5, 6, 7) on the resistance to onion smudge, 
which is also an anthracnose disease, led the writer to undertake a 
comparative study of the resistance of white, yellow and Ted varieties 
to the pathogene in a field of about .60 acre. SeedlingB 40 days old 
were transplanted to plots 4*X 40 feet. Four plots were planted to 
red onion (Red Wetherfield and Red Bermuda), four to White onion 
(White Bermuda) and the rest of the field to yellow onion (Yellow 
Globe and Yellow Bermuda). The disease made its appearance at 
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about the same time on all varieties. Careful observations showed 
that red, yellow and white varieties are equally susceptible. The 
tropical varieties (Bermuda onion) showed no less susceptibility to 
the pathogene than the temperate-zone varieties tested. 

DISEASE 

. We have named this disease the “Onion Leaf Anthracnose” to 
avoid confusion with Smudge which is often referred to as “onion 
anthracnose” and with diseases known as “onion leaf-spot”. 

History and Bangs. 

As stated before in this paper the disease was first found by the 
writer in January 1924, in the eastern part of Porto Rico. In 1925 
it was found in one of the northern districts and in the same farm 
where it had been discovered in 1924. In 1926 and 1927 material 
with anthracnose infection was obtained from the northwestern and 
northern sections. It does not appear to have been reported outride 
of Porto Rico. 

Importance. 

Data were gathered on the number of plants which were entirely 
killed by the disease, those which did not attain full maturity and 
those which were only slightly affected. Comparison of the yield 
from an uninfected field with conditions otherwise similar to those 
of diseased plots were made. From our observations it appeared 
that from 45 to 55 per cent of the crop was lost. 

The damage to the bulbs while usually indirect is generally 
severe. The disease-prevents the complete formation of the bulbs 
when the attack is early. In this way bulbs from diseased plants 
will be undersized. When attacks are late the disease opens the 
way for bacterial or other rots. 

SYMPTOMATOLOGY 

Morphologic Symptoms. 

The disease is primarily of the leaf blade but the bulb scales 
may also be affected. The characteristic morphologic symptoms on 
white and yellow varieties are elliptic or oval tiny whitish spots 
which grow in all directions. During rainy weather the pathogene 
causes a rotting of the tissues. This destruction extends along the 
surface of the leaves and down to the bulb scales. Inner-bulb Scales 
are not affected. 

The symptoms on the red onions, especially the Red Wether field, 
are similar to those cr the yellow and white varieties except that 
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in the early stages of spot formation a red stain becomes prominent 
on all the injured tissues. This color soon takes on a violet ap¬ 
pearance. This violet stain occurs before any fruiting bodies arise 
and disappears with age. 

The diseased tissues in all varieties become paper-like and brittle 
when dry. Old spots may be almost colorless, but more commonly 
they are yellowish. They are sub-elliptic to irregular in shape. 

Signs. 

Conidia are produced abundantly in acervuli in the spots. The 
spore masses are creamy, flesh-like or pink to ferruginous. Ascos- 
pores may be found und^r certain conditions. 

Histologic Symptoms. 

The effects on the diseased tissues are those characteristic of 
necrotic diseases. As has been already stated the first indications 
of the disease are minute spots. These lesions enlarge. Hydrosis 
is the first histologic symptom which accompanies the penetration 
of the pathogene, which establishes both intra- and inter-cellular 
•relationship. This is followed by the disorganization of the proto¬ 
plasts and discoloration of the cell walls. This brings about a col¬ 
lapse of the cells, the first to teuccumb to the effects of the pathogene 
being those of the pallisade layer. The fungus penetrates farther 
down into the outer parenchyma cells, deeintegrating them and 
then into the vascular bundles where it runs through and between 
the cells. Toward the later stages all that is left of the tissues is 
a skeleton of epidermis and broken cell walls 

ETIOLOGY 

Name, History and Glassification of the Pathogene. 

The pathogene under consideration was first thought to belong 
m the genus Gloeosporium. Later setae were found, which places it 
in the genus CoUetotrichum. Since the fungus appears to be new 
to science it is given the name CoUetotrichum Chardonicmutn in 
honor of Carlos E. Chardfin, the present Commissioner of Agricul¬ 
ture and Labor of Porto Rico. 

OOIXETOTBIOHUM CHARDONIANUM spec. nOV. 

Mycelium is hyaline, whita gray or dark and even greenish, 
depending on the medium in which it is growing. It is 1.41-6.63 u 
thick, septate and profusely branched. (PI. I, Pigs. 10 and 11.) 

Acervuli applanate, scattered, or gregarious (PI. I, Pigs. 30-31). 
These arise under the epidermis and break through it. They vary 
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in color from ferruginous to brown, sometimes flesh-colored. The 
setae are brown, septate, slender, acute, in a few cases blunt at the 
tips, 98-170 X 4.8 u (PI. I, Pig. 1). Conidia are oblong, in the 
majority of cases have both ends rounded. In some cases only one 
end is rounded while the other tapers to a blunt end. In other 
oases they are slightly curved, 6-80 X 1.7-7.0 u (PI. I, Pig. 14). 
The eonidiophores are simple, cylindric, terete or with rounded base 
and pointed tip, 7.9-79.5 X 1.72-3.7 u (PI. 1, Figs. 12 and 13). 
A few perithecia were once found in culture, but were not produced 
later. The writer does not feel justified in making a description of 
the perfect stage from the insufficient material on hand and his 
failure to obtain it repeatedly. 

CULTURAL CHARACTERISTICS 

Pure cultures of the fungus were obtained in the usual manner 
and a study was made of its behavior in different artificial media. 
Prom pedigree cultures, poured plates of saccharose (3 per cent) 
agar, glucose (3 per cent) agar, lactose (3 per cenf} agar, pOtato- 
dextrose agar, corn-meal agar and oatmeal agar, were inoculated. 
Measurements of colony growth in centimeters were made. Conidia 
were also measured. 

On Potato-dextrose agar. 

Neutral gray discoloration of the substratum; aerial mycelium 
in dense tufts, gray, growth profuse; acervuli salmon or ochraceous 
Salmon. 

On Oatmeal Agar. 

Medium unchanged in color, mycelium hyaline or whitish, green¬ 
ish masses here and there, acervuli numerous, ochraceous salmon or 
flesh-ocher, in distinct zones, but later filling up all the inter-zonal 
region. 

Corn-meal Agar. 

Substratum underlying acervuli brown to black; aerial mycelium 
scanty or none, 1 when present consisting only of short threads, 
hyaline; acervuli numerous, flesh-ocher to apricot buff, in zones or 
scattered. 

Glucose Agar. 

Substratum underneath acervuli mummy brown; aerial mycelium 
dull white and in Some places smoky or dark, acervuli large, flesh- 

* The pedigree cultures used were under one month of age when fruiting is heary. 
6ldv cultures show less fruiting. 
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ocher or apricot buff to cinnamon-rufous, in zones; setae present, 
numerous. 

Saccharose Agar. 

Substratum Dresden brown underneath the acervuli, ochraceous- 
tuff elsewhere; aerial mycelium profuse, dark, over old growth, 
white; acervuli numerous, large, rufous to ferruginous, zones not 
well-marked, setae few. 

L^ctosC Agar. 

Substratum flesh-colored with mummy brown discoloration under 
old acervuli; aerial mycelium in short, whitish threads, scanty; 
acervuli numerous, large, flesh-colored to ferruginous, zoned at first. 

Dextrine Agar. 

Substratum unaffected in color, aerial mycelium scanty, short, 
white threads; acervuli numerous, large, rufous to ferruginous, not 
zoned. 

Table I 

SEVEN-DAY-OLD GROWTH OF C. Chardonianum ti. sp. IN DIFFERENT 
ARTIFICIAL MEDIA 

(Diameter of growth m centimeters) 


t Potato Oat- Corn Glu- Saccha Lac Dex- 

Gul- doxtrose meal meal cose rose tose trine 

turc . agar agai agar ugar agar agar agar 

1 _ 8 . 0 7 . 8 7 0 8 . 0 8.1 7 . 7 7.4 

2 _ 8.0 7.8 7.0 8.0 8.0 7.6 7.6 

3 _ 8.3 7.8 7.8 7.8 8.0 7.7 7.5 

4 _ 8.3 7.8 7.8 7.7 8.0 7.8 7.6 


Pathogenicity. 

Inoculation experiments were made as follows: 

(a) A small portion of a healthy plot of onions (24 square feet) 
was sprayed with a suspension of conidia obtained from fresh lesions. 
This was done at 4 P.M. on a day in January. The plants were 
not protected from the sun and they received no watering. How¬ 
ever, the air was warm and moist. It was conducted during a rainy 
period. Symptoms as already described (small whitish spots) ap¬ 
peared in from 3 to 5 days. Out of 34 plants so sprayed 31 Showed 
symptoms at the end of 5 days. 

(ft) Strong, vigorous plants in clay pots were similarly treated. 
In this experiment the plants were covered with bell jars lined with 
moist filter paper.' Symptoms appeared in from 3 to 5 days. 

These two series of experiments prove beyond any possible doubt 
the power pf C. Chardonianum to produce infection of onion plants. 
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Life History. 

The life history of this pathogene probably involves only the 
asexual or conidial stage, although the sexual stage may also occur 
in the field. 

The primary cycles occur as lesions on leaves of full-grown trans¬ 
plants in the field. 

PATHOGENESIS 

Inoculation. 

Infected debris from the previous season is probably the chief 
source of the inoculum. It seems possible that the mycelium of the 
fungus is carried over to succeeding seasons in these old plant frag¬ 
ments. When the rainy season approaches, coincident with maximum 
development of the onion plant, it appears that a conidial crop is 
produced from this hibernating mycelium. Spattering rain brings 
about the transfer of the inoculum (conidia or perhaps ascospores) 
from this debris to onion leaves. Here tho primary cycles are 
started, which by subsequent production of pink or creamy conidial 
masses furnish a constant source of inoculum for the secondary 
cycles. 

INCUBATION 

Germination of conidia was studied in Van Tieghem cells in the 
usual manner, at a temperature of 21° C. The first evidence of 
protrusion of germ tubes appeared at the end of three and one-half 
hours and germination was at its maximum at the end of four and 
one-half hours. 

The spores of this species like those of most species of Gloeospo- 
rium, Colletotrichum and Glomerella, become septate prior to germi¬ 
nation. Germ tubes grow from the ends of the spores (Fig. 18, 20, 
23), although not infrequently from the sides (Fig 16). Germ 
tubes are of various lengths and in almost every case an appresorium 
is borne at the tip (Figs 17-22) of each tube. The plasmic con¬ 
tents of the spore creep into the appresorium and a septum is laid, 
thus cutting it from the germ tubes (Figs. 17-23). Primary appre- 
soria germinate by sending out penetration tubes which enter the 
su&cept and develop into a myclium or by production of secondary 
or tertiary appresoria. It is evident that appresoria may be subse¬ 
quently produced again and again from primary or initial appresoria 
depending on environmental conditions. The spore upon falling on 
the infection court probably makes a first attempt to germinate, 
sending out a germ tube whose elongation may be arrested by want 
of moisture. An appresorium is formed at the end of the short 
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tube. This is able to withstand unfavorable conditions. When bet¬ 
ter conditions of humidity are restored the appresorium in turn at¬ 
tempts to germinate in the same manner as the conidium. In this 
way several appresoria may result from one conidium before entr a nc e 
or penetration is effected. 

The germ tubes enter through the stomata of the leaves or throu gh 
wounds, but penetration may occur through the cuticle probably by 
mechanical pressure as reported by Dey (2) for Colletotrichum 
llndemulhianum. The germ tube upon effecting entrance or pene¬ 
tration undergoes a change into a thicker hypha or primary myce¬ 
lium, Leach (3). Further development of the pathogene brings it 
into a closer relationship with the suscept parts manifested in a 
series of changes which constitute infection. 

infection. 

The primary mycelium makes its way into the epidermal cells, 
which it soon destroys. It runs between the cell wall and the 
plasma membrane. After reaching this stage the mycelium sends 
out any number of liyphae which grow in every direction, penetrat¬ 
ing and killing the cells. These hyphae branch again and again 
ynd soon the tissues are traversed by the infecting hyphae. The 
necrotic spmptoms which accompany the infection of the tissues are 
the result of the reaction of the suscept cells to the substances pro¬ 
duced by the invading hyphae. Toxic substances are probably pro¬ 
duced soon after invasion since the latent period of infection appears 
to be short (2-4 days) and furthermore, the succession of changes 
from hydrosis to complete cell disorganization, seems to come with 
considerable rapidity. Under favorable conditions of atmospheric 
humidity, acervuli soon arise over the surface of the lesions. They 
are formed in breaks of the epidermis and may grow together in 
masses. Conidia make up the greater bulk of these masses which 
are pinkish or creamy. These spores constitute the inoculum for 
the cycles. 

SAPROGENESIS 

All observations tend to show that the mycelium in the necrotic 
areas of the leaves, lives pygr in a saprophytic manner until the 
coming season. Conidia are produced during the saprogenesis 
s tages and furnish the inoculum for primary cycles. Whether one 
or more crops of conidia are produced by the mycelium in this stage 
is not known. 

Secondary cycles constitute the most important phase in the 
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disease. They are initiated continuonsly by conidia produced in the 
primary eyele and are in all respects similar to the primary cycles. 

EPIPHTTOLOGY 

That stage in the life of the suscept, just before or during bulb 
formation, seems to furnish the most favorable conditions for the 
attack of the pathogens. 

Temperature. 

Spore suspensions of the fungus were incubated at different 
temperatures. It was demonstrated that spores fail to germinate 
at 15° C and below. The following are the results of germination 
in tap water at different temperatures: At 18° C., 39.15 per cent; 
at 21° C., 41.92 per cent, at 25° C., 92 per cent; at 27° C., 86 per 
cent; at 30° C., 80 per cent; at 33° C., 64 per cent. Parallel 
trials conducted with distilled water showed that germination is 
equally good in distilled water as in tap water. It is seen that 
germination is at its maximum at 25° (1 but is^oor at lower 
temperatures of 21° C. and 18° and at a higher temperature of 
33° C. In the field the range in which the disease seems to appear 
more commonly is 23° C.-30 0 C. In cultures the optimum tem¬ 
perature seems to be 27° C. See table II. In general, in the three 
media growth was best at 27° C. with maximum production of coni- 
dial masses. 

Table n 

SEVEN-DAY-OLD GROWTH OF Colletotrichum Chardoniavum IN 

CENTIMETERS IN DIAMETER 

Potato dextroie Corn-meal Oat-meal 


Temperature agar agar agar 

8° C.- 0 0 0 

9° C._0.1 2.3 1.0 

12° C._ 2.2 4.5 3.6 

15° C._ 2.7 3.8 5.2 

18° C._ 5.5 6.0 6.3 

21° C._ 7.5 7.5 7.6 

25° C._ 8.5 7.8 7.8 

27° C._ 9.0 7.8 7.8 

30° O._ 8.0 7.0 7.0 

33° C._ 7.8 7.0 6.5 


We do not feel justified in assuming temperature to be the mo* 
important factor in epiphytotics although coupled with moisture it 
may have great influence in limiting their extent and destructiveness. 
Moisture probably plays the most important role in determining 
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the nature and severity of outbreaks of this disease. It aeeam 
essential in effecting the dissemination of eonidia. The occurrence 
of the disease in the field and the production of secondary cycles is 
dependent to a large extent on precipitation. 

OONTBOL 

It is quite doubtful whether we can resort to any eradicatory 
measure in the control of this disease. The removal of diseased leaves 
mad plants to prevent further spread of the pathogene sounds 
logical, but general practice tells us it is highly improbable that the 
average farmer will gain anything by that method. The produc¬ 
tion of eonidia under field conditions in such great numbers curtails 
the possibilities of the application of this eradicatory practice, since 
secondary cycles will occur with the Same ease. 

Protection. 

Spraying and dusting with suitable liquids or dusts will even¬ 
tually come into use more and more. Three factors should be con¬ 
sidered in the general application of these protective methods, 
namely, the cost of application as compared to the gains from it, 
the adhesive power of the dusts or liquids and the general effect¬ 
iveness of these fungicides. 

Preliminary laboratory trials have been conducted with various 
dusts to find the effect on the spores of the pathogene. Those tried 
were: Kolo-dust, dusting sulphur, copper lime dust, Banks’ Colloidal 
copper, corona colloidal copper, copper hydroxide and Killtone 
copper dust. 

The following results were obtained in triplicate trials with 
spore counts of 4,000 and using the dusted-slide method employed 
at Cornell University. 

Corona colloidal copper_ no germination 

Banks 1 colloidal copper- 36.47% germination 

Cu(OH)*_ 37.40% germination 

Killtone copper dust_ 9. 00% germination 

Copper lime dust__________ 62. 84% germination 

Kolodust_ 67.47% germination 

Dusting Sulphur_60. 60% germination 

Check_ _ _ 69. 60% germination 

General observations of the germination processes. 

In Banks’ Colloidal copper brown appresoria were abundant, 
produced successively from the same germ tube; germ tubes are 
very long and normal in growth, soon giving rise to a cobwebby* 
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mycelium. In copper hydroxide no appresoria were observed and 
germ tubes were very short; this was also the case with Killtone 
copper dust. Kolodust: appresoria abundant and germ tubes long 
Dusting Sulphur: appresoria present; germ tubes extremely long, 
much more so than in Kolodust. Copper lime dust: appresoria 
present; secondary conidia also produced in large numbers; germ 
tubes very long and profusely branched. The failure of sulphur 
dusts to inhibit spore germination is in line with our general knowl¬ 
edge of the non toxic properties of the sulphur fungicides to anthrac- 
nose fungi. 

The data and observations given above on the germination of 
conidia of C. Chardonianum in various fungicides suggest a rather 
effective action of Corona colloidal copper, Killtone copper dust, 
Banks’ Colloidal copper and copper hydroxide. Apparently the 
first two are more promising than any of the others. However, it 
must not be overlooked that the adhesiveness of these dusts to the 
waxy surface of the onion leaf has to be tested before any more 
definite steps to their application in the field are attempted. So 
far the writer has been unable to test the adhesiveness and relative 
efficiency of these fungicides under field conditions. 

summary 

(1) An anthracnose disease of the leaves and bulb scales of the 
Onion is described. 

(2) Market onion (Allium cepa L.) and a multiplier variety 
of Allium cepa L. often referred to as false shallot are affected. 

(3) There does not exist any resistance in the yellow, red or 
white varieties to the disease. 

(4) Tropical varieties of onion are as susceptible as the tem¬ 
perate-zone types. 

(5) Plants of all ages are equally susceptible. 

(6) The symptoms on the leaves may be described as elliptic or 
oval spots. On red varieties a red stain appears on young lesions. 

(7) The pathogene is described as a new species, Colletotrichum 
Chardonianum. 

(8) Growth of the causal fungus in carbohydrate media was 
excellent. It was especially good in starch-containing media. 

(9) Infection experiments under control conditions demonstrate 
the ability of C . Chardonianum to produce disease. Infection oc¬ 
curs primarily through the stomata but the germ tubes may pene¬ 
trate through the cuticle. 
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(10) Conidia germinate in water at a temperature of 21° C. in 
3% to 4% hours. During germination of conidia, primary, sec¬ 
ondary and even tertiary appresoria are produced. Also secondary 
conidia. Temperatures of 18° C. and 33° C. seem to inhibit germina¬ 
tion, while conidia germinate readily at 25° C. In synthetic culture 
media the fungus grows best at a temperature of 27° C. In the 
field the disease appears during seasons when temperature is 23° C- 
30° 0. 

(11) The pathogene apparently lives over from one season to 
the other as mycelium in debris on the soil. 

(12) The conidia seem to resist the action of the sulphur fungi¬ 
cides. An effective action of copper fungicides, particularly colloidal 
copper, has been observed in laboratory experiments. 

This investigation was begun in the Insular Experiment Station 
but the bulk of the work was done in the Laboratory of Plant 
Pathology, Cornell University, Ithaca, N. Y. 

I owe an acknowledgment to Dr. Mel. T. Cook, Chief Pathologist, 
for helpful advise during the early studies on this disease, to W. It. 
Fisher of the Department of Plant Pathology at Cornell University, 
who kindly made some of the photographs, and finally to Prof. H. 
tl. Whetzel of the Department of Plant Pathology, Cornell Uni¬ 
versity, for valuable suggestions and criticisms and for reading the 
manuseript. 

LITERATURE 

<D Cook, M. T. Report of the Plant Pathologist and Botanist. In 
Insular Experiment Station Annual Report 1923-24 ; 79-87. 
1924. 

(2) Dey, P. K. Studies in the physiology of parasitism V. Infec¬ 

tion by Colletoirichmn Undcmulhianvm. Aun. Bot. 33:305— 
312. 1919. 

(3) Leach, J. G. The parasitism of Colletotrirhum lindcmuthianum. 

Minnesota Agr. Exp. Sta. Tech. Bull. 14:1-41. 1923. 

(4) Noll A, J. A. B. El Cultivo de la Cebolla en Puerto Rico. 

Porto Rico Dept, of Agriculture, Bur. Ext. Circ. 9:1-22. 1925. 
(6) Walker, J. C. Onion Smudge. Jour. Agr. Res. 20: 685-722. 
1921. 

(6) -, J. C. Disease resistance to onion smudge. Jour. Agr. 

Res. 24:1019-1040. 1923. 

(7) -,- — and Winbergren, C. C. Further studies on the 

relation of onion-scale pigmentation to disease resistance. 
Jour. Agr. Res. 29:507-514. 1925. 

PLATE I 

Fig. 1 = Setae of Colletotrichum Chardoniamm n. sp. 

Fig, 2e=Two fertile hyphae conjugating. 
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Fig. 3=Fertile hypba with terminal onnuHom. 

Figs. 4 and 7 *= Fertile hyphae. 

Fig el S, 6, 8 and 15=Types of fertile hyphae with terminal conidia. 
Fig. 9=A fertile hypha with cells giving rise to one-oeUed coni- 
diophores which hear conidia at the tips. 

Figs. 10 and 11 = The mycelium of C. Chardonianum. 

Figs. 12 and 13 = Conidiophorea of C. Chardonianum bearing coni¬ 
dia at the tips. 

Fig. 14 = Conidia of C. Chardonianum. 

Fig. 16 = Germinated conidia conjugating.. 

Figs. 17 and 22 = Conidia germinating in water, giving rise to pri¬ 
mary, secondary and even tertiary appresoria. 

Figs. 18 and 20 = Two conidia germinating by a short tube and an 
appresorium. 

Fig. 19 — A conidium germinating and producing primary and sec¬ 
ondary appresoria. 

Fig. 21 = A germinating conidium with primary appresoria. 

Fig. 23 = Conidia germinating into a long tube bearing at the tips 
secondary spores. 

PLATE n 

Fig. 24=A longitudinal section through a healthy ofcon leaf (out¬ 
lined with aid of camera-lucida). 

Fig. 25 = A section through a lesion of a diseased leaf. Note the 
hyphae penetrating through and running between cells. The 
destruction of the palisade cells is evident. 

Fig. 26 = Another section through a diseased leaf showing destruc¬ 
tion of palisade cells and also hypha penetrating through cells of 
vascular bundles. 

Fig. 27 = View of surface of onion leaf showing a few spores germi¬ 
nating and penetrating through the stomata. Note the produc¬ 
tion of appresoria. (Outlined with aid of a camera-lucida.) 

Fig. 28=Section through epidermis showing an appresorium germi¬ 
nating and the tube penetrating through a stoma. The very early 
stages of a pathological condition: branches of the primary my¬ 
celium penetrating the suscept cells. 

Fig. 29 = Meyclial threads (hyphae) as seen within and between 
cells in the vascular bundles (highly magnified). (Outlined with 
aid of camera-lucida.) 

plate m 

Fig. 30 = Shows lesions on the leaves of onion. The leaf on the 
left shows the early stages of the disease; that on the right the 
more advanced stages with masses of acervuli. 

Fig. 31 = Enlarged base of the onion plant of Fig. 32 showing the 
acervuli of the fungus arising on the surface of the leaf bases. 
Notice poor root system from imperfect nutrition. * 

Fig. 32 = Typical case of onion plant affected with C. Chardonia- 
■ num. Notice the diseased leaves and the bases of leaves already 
destroyed. 

Fig. 33 = Culture of C. Chardonianum on hard potato dm rtrps e a ga r. 
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MANGO WXTHEB-TXP 

(ColUtotrichvm gloeoaporioidM Pens.) 

J. A. B. Nolla, Assistant Plant Pathologist 

The fungus Colletotrichum gloeosporioides has been reported 
from time to time as causing troubles of various kinds on a number 
of suscepts. However, its true pathogenicity or active parasitism 
has been the subject of much speculation and a matter of conjecture. 
On citrus fruits, for instance, C. gloeosporioides has been held not 
to be an active .pathogene, Smith (3) and Fulton (1). Winston 
(5), using a large number of strains of C. gloeosporioides, found 
no active pathogenicity exhibited on young fruits of various citrus 
species. Nowell in his book on diseases of tropical plants, page 
211, states it is mainly a saprophyte. The author (2) came forth 
with the statement that this fungus is an active pathogene in Porto 
Rico. He found it to be the cause of a heavy drop of the young 
fruits of the orange, pomelo and Chinese dwarf lemon. 

In the present short paper the writer intends to bring more 
evidence of pathogenicity of strains of C. gloeosporioides. He 
almost predicted the ability of C. gloeosporioides to produce wither- 
tip on the mango (2), when he stated that “mango twigs when 
tender seem to be susceptible to the attack of Colletotrichum gloeos¬ 
porioides” (see his plate I, fig. 3). This statement was based on 
results which he obtained with spore-spray inoculations of avocado, 
mango and pomelo strains of C. gloeosporioides on the unopened 
buds of the mango. 

Early in November 1926 the writer directed his attention to a few 
mango trees in the station grounds. It was during a short dry spell 
and there were no signs of a fungus infection. Two weeks later, 
with the coming of heavy rains and a new flush in the trees, there 
occurred a very rapid withering of the youiyy tender twigs and 
buds. There was also considerable spotting of the leaves, mani¬ 
fested as tiny, brownish spots between the main veins, which later 
increased in size. This resulted in long, sometimes narrow, necrotic 
areas on the tender, pinkish leaves which caused a breaking and 
splitting at the infected areas. Soon, the infection which apparently 
starts in and around the unopened leaf buds, extends down the 
shoot as far as the upper limit of the preceding growth. The 
tender foliage soon dies and falls to the ground. Acervuli of the 
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fungus appear readily on the surface of the withered twig, especially 
on the scars left by the leaf petioles. 

Isolations were made from various places of infection. Spore- 
spray inoculations with pure cultures of the pathogene were made, 
covering the buds in the best manner to insure control conditions. The 
same symptoms as observed with natural infection were reproduced 
with artificial inoculations. The pathogene, C. gloeosporioides, same 
strain as used in inoculation was recovered from the infected twigs. 

This is a case where a fungus held to be a saprophyte under many 
circumstances, exhibits in some of its strains a strictly parasitic 
action on one of its suscepts. We might here recall a similar 
situation existing with Macrosporium parasiticum Thiim, the cause 
of the black mold of the onion, whose pathogenicity has not been 
fully accepted. Teodoro (4) has pronounced it as on aggressive 
parasite. Others have held rather dubious views as to its secondary 
nature. 

It seems probable that fungi which have heretofore been known 
as saprophytes or weak parasites on necrotic areas oPfiving plants, 
or the intermediate living tissues, will gradually, through adaptation, 
bring about changes in their ontogeny which will eventually place 
them in the category of the more highly specialized forms—the 
active parasites. 
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SOME NEW AND INTERESTING PORTO RIOAN 
LEAFH0PPER8 

By H. L. Dozifr 1 

Opportunity is here taken to publish a few interesting records 
and additions to the leafhoppers of Porto Rico. The writer wishes to 



no. 1.—Leaves of Boble, iSbehwa pallida, showing the work of 
Protalebra tabebwa Dozier 

thank Mr. W. L. McAtee of the U. S. Biological Survey for deter¬ 
mining specifically the Eupterygid species included in this paper. 

i Formerly Chief Entomologist of the Insular Fxpentnent Station 
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Protalebra tabebuiae, new species 

Head rather broadly rounded although slightly produced. Vena¬ 
tion of wings typical of the genus. 

General color of body pale yellowish-white, the vertex and thorax 
in most specimens with a broad median longitudinal band of orange 
on dorsum; ground color of the elytra a golden yellow with the in¬ 
ner claval margin, an oblique band across the middle, and another 
band l>eginning at the hind margin of the davus and running across 
the cross veins, distinctly fuscous; in Some specimens there is a 
Chinese-white irregular patch on the outer costal margin just above 
the middle fuscous band; the crossveins infuscated, the apical area 
denoted by them is hyaline. Legs whitish. 

Length to tip of elytra, 2.75 mm. 



FIG. 2.—Adult of Protalebra 
tdbfbiuac Po/ier (Original) 


Described from numerous Specimens 
of both sexes taken on underside of 
leaves of “Hoble”, the West Indian Box 
Tree, at Rio Piedras, Porto Rico, March 
10, 1925. It was found abundant in all 
stages October 22, 1924, T&id has been 
observed to be rather abundant through¬ 
out the entire year. “Roble” Tdbebuia 
pallida , is widely used ala a shade tree 
in Porto Rico and its wood is of much 
economic importance. While this leaf- 
hopper often becomes very abundant on 
it, causing considerable “speckling” of 
the foliage, tho Roble is so hardy that 
it is able to support large numbers with¬ 
out any apparent injury. 


Protalebra similis Baker 
(1899 Psyche, 8, p. 403) 

A dozen adults were swept by the writer from sweet-potato foliage 
at Vega Baja, Porto Rico, October 15, 1924. It does not appear to 
be at all abundant. 

Protalebra brasiliensis Baker 
(1899 Psyche, 8, p 405) 

This species is the most abundant and generally distributed 
Protalebra in Porto Rico being commonly met with in cane field# 
and in weedy places. It is the same species disougfced and figured 
by Wolcott (Jr. of the Dept, of Agri. of Porto Rico, V, p. 31) 
i nder the name Erythroneura comes Say. 
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Protalebra bifasciata Gillette 

(1898, Prop. IT. 8. Nat ’1. Mus., 20, p. 711) 

A single specimen taken by beating a thorny leguminous bush 
in ravine near Juana Diaz, Porto Rico, February 11, 1925. Re¬ 
corded from Brazil and Jamaica. 

Empoasca minuenda Ball 
(1922, Prop. Ent. Soc. of Wash., Vol. —) 

The writer found this very small species abundant on undersides 
of avocado leaves at Rio Piedras, Porto Rico, October 22, 1924, and 
it also attacked the young avocado nursery stock at the Insular Sta¬ 
tion in large numbers. 

Diltraneura (Hyloidea) depressa McAtce 
(192fi, Jr. New York Eut. Soc., Vol. XXXIV, p. 102) 

This species has been recently described from two females and a 
male collected by G. N. Wolcott at Vega Alta, Porto Rico, January 
21, 1920, and the new subgenus Hyloidea erected for it based on 
the extraordinary depressed or flattened shape. The original descrip¬ 
tion is given here to make it more available to workers in Porto 
Rico: 

* * Female*: Head and thorax yellowish in ground color with a percurrent 
russet to dusky marking covering all but uarrow anterior margin of vertex, disk 
of pTonotum, and all but extreme lateral angles of scutellum; apical third of 
seutellum jet black. Tegmen lemon yellow, a dusky blotch on middle of clavus, 
a dusky band over innei ciossveins, and a jet black spot on first crossvein; tog- 
minal apex sometimes touched with dusky. Undeiside stramineous tlnoughout 
except for the black apex of ovipositor; bristles on ovipositoi sheath white. 
Eighth sternite convex mcdianlj, slightly concave laterally. Male similar to 
female, marking of head and thorax more or less tinged with i eddish laterally; 
tegmen anterior to fouith crossvein also with a pinkish cast. Venation as in 
Pig. If). Length, 2.25-2.75 mm. 

“Ilolotype male, allotype, and another female, Vega Alta, Porto Hico, Jan¬ 
uary 21, 1920, G. N. Wolcott (U. 8. N. M.).” 

These remarkable leaflioppers are to be found on the undersides 
of the leaves of maga, Thcspcsia grandiflora, in limited numbers. 
The writer found them abundant at Bayamon, Nov. 17, 1924, and 
made the following color notes. The last instar nymphs are of a 
general pale whitish color, tile elytral pads pale with an orange- 
red longitudinal stripe; the sides of the pronotum and the head 
except the eyes orange; the eyes pale bluish; scutellum with reddish- 
brown markings; the second and third abdominal segments a deep 
reddish-brown. Length 1.75 mm. These nymphs remind one of 
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Uncle Sam’s red, white and bine. Both the adults and nymphs lie 
closely appressed to the leaf surface, mostly along the mid-ribs, 
moving when disturbed with a “sideling” or sidewise movement, 
rarely jumping. 

Joruma pisoa McAtee 
(1024, Fla. Ent., Vol. 8, No. 8-4, p. 34) 


The writer took a single specimen at Aguirre, Porto Bico, March 

1, 1925, that has been 
identified by McAtee 
as this species. 



Flff. 3.—Adult famale OioadeOa cot 
fro ns and genitalia (C 


Dosier, 


The two following 
species have been long 
confused with each 
other on acount of their 
very similar general 
appearance and habitat 
and have long been 
placed under the name 
Tettigonia occatoria 
Say (Wolcott, Insectae 
Portoricensis, p. 259). 
Upon examination of 
the large series in the 
collections of the In¬ 
sular Experiment Station and the American Museum of Natural His¬ 
tory, the writer found that they not only are not Say’s occatoria but 
represent two distinct undescribed species. Cicadella occatoria is a 
somewhat smaller, less robust species, and has a single black dot on 
the pale frons just below the apex of the vertex margin (see Ball, 
Proc. Iowa Acd. Sci. vm, p. 23, 1901). The writer has not found 
occatoria either in his personal collecting in Porto Bico or in the 
various collections represented. Specimens, however, are at hand 
from the American Museum of Natural History collections, taken in 
June 1911 at Laudet and Long Ditton, Dominica, B.W.I., that must 
l>e placed as typical occatoria. 

Cicadella coffeaphila and C. coffeacola are both abundant through-, 
out the mountanous coffee-growing regions, particularly the former 
species, occurring on the coffee and many other host plants among 
which may be mentioned the jobo and Inga laurina. Both species 
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so far are known only from the Island of Porto Rico and appear to 
be endemic. 

CicadeUa coffeapktta, new species 

Distin guishe d at onee from CicadeUa occatoria by its larger sise 
and different marking on frons. 



m 


Vertex as long as basal width, strongly produced beyond the 
eyes, obtusely sounded, nearly two-thirds as long as the pronotum. 
Pronotum convex, about as v / 

broad at posterior margin X/^lVv/ 
as the head. Elytra long 
and narrow. /vfrillA 

General color greenish, L|? Yrj/ 
the vertex, anterior third n If Fin 
of pronotum, and Bcutel- | f 1/ 
lum partially, yellow. 

Vertex with four irregular '1 f/ 
more or less longitudinal v 
stripes or vittae that ex¬ 
tend over onto the frons i i u jr- -t 

where the two median ones IT 1 If 

converge just before the 111 II o WM ^ 

apex. Pronotum with five vPff)/ * Xml 

more or less broken and U jt U V jf 

irregular black vittae. \w[ W 

Scutellum with two rather W/ 

thick black vittae. The 

elytra dark green with the i.—Cioadel la o°f«ac^a Dorier, Cmr- 

veinh heavily marked with genital segments (Original) 
black, just before the apex B 

is a crescent-shaped transverse band of yellow. Body beneath yel¬ 
lowish, the abdomen along middle marked longitudinally more or 
less with black. Male genital plates distinctly yellow contrasting 
with the dark pygofers. Legs pale. 

Genitalia: female segment over twice as long as the preceding, 
the median line elevated into a strong keel, the posterior margin 
strongly angled, the apex formed by the convex keel. Male nltimnt^ 
segment well-rounded on posterior margin; plates broadened at 
base, rapidly narrowed to very long acute points that are not or 
scarcely exceeded by the pygofers. 

Length to tip of elytra, 6-6.25 mm. 

* » 

Described from numerous males and females in the collection of 
the American Museum of Natural History collected for the most 


part by Luts and Mutchler from the following localities In Porto 
Rico: Cayey, May 30, 1915; Aibonito, June 1-3, 1915* Btrros, 
June 4, 1915; Mayagtiez, July 24, 1914, Frank E. Watson; Ja- 
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. yaya, June 1, 1915, H. E. Crampton; Ad juntas, June 26, 1915; 
and a female collected at Yauco, August 24, 1922, by Sein and 
Wolcott (Acc. 234-22 ); and a female collected by the writer on 
El Yunque, February 17, 1925. 

Cicadella coffeacola, new species 

Very similar in general appearance with Cicadella coffeaphUa 
but easily distinguished by the different markings on vertex, fronS 
and pronotum. 

Vertex greatly produced beyond the eyes, obtusely rpunded, 
length and width suboqual, two-thirds as long as the pronotum. 
Pronotum about as broad at posterior margin as the head, convex. 
Elytra long and narrow. 

General color greenish, the vertex yellow with four black stripes 
or vittae, the two median ones converging to a point at the apex, the 
outer lateral margins outlined with black. Frons yellow with black 
median stripe and the lateral ones of the vertex continued over on 
frons part of its length, the lower sides of frons with Mack edging; 
clypeus black. Pronotum greenish, yellow along the anterior third, 
six distinct black longitudinal stripes running semi-parallel. Scutel- 
lum yellow, with two black median stripes and a black spotting in 
the upper angles. Elytra deep green, the veins broadly marked in 
black. Body beneath for the most part yellow, the abdomen marked 
with broken black along median length. Male plates yellow, the 
pygofers black. Legs pale. 

•Genitalia: female segment twice as long as preceding, male ulti¬ 
mate rather deeply incised on hind margin; plates rather broad at 
base, rapidly narrowing to long acute points, greatly exceeded by 
the pygofers.- 

Length to top of elytra, 6-6.25 mm. 

Described from a female taken at Rio Piedras, Porto Rico, Aug. 
1921, G. N. Wolcott (Acc. 266-21); a female collected by the writer 
on coffee, El Yunque, Feb. 17, 1925; and numerous males and 
females collected by Lutz and Mutchler in American Museum of 
Natural History collection from Cayey, May 30, 1915; Aibonito, 
June 1, 1915; and Adjuntas, June 26, 1915. 

Macropsis rugicollis, new species 

Easily distiguished by the striking contrast of the bright red head 
and thorax with the black body and elytra. 

Form rather long. Anterior margin of the pronotum moderately 
and roundingly angulate, produced on the middle distinctly beyond 
the anterior margin of the eyes, the posterior margin only slightly 
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emarginate. Elytra long with the tips broadly rounded, nervures 
raised. 

Color: Entire head a bright red with exception of the very dark 
reddish-brown eyes. Pronotum bright red with a rather narrow 
band of black outlining its anterior margin but extending laterally 
only to about half the width of the eyes above. Remainder of the 
body, legs and elytra a dark blue-black. 

Length, 5.50 mm. 

Described from two males taken on the top of mountain at Cerro 
del Cacique, Santo Domingo, December 17, 1924, by P. Sein at 
obout 5,000 feet elevation, probably from a slirub or tree as members 
of this genus are so far as known tree-inhabiting forms. 




Rons OR PORTO RZOAR SCALE PARASITES 

Bj H. L. Doznm* 

The following notes are here given as a small contribution to our 
knowledge of the enemies of certain scale insects in Porto Rico. The 
writer wishes to express his thanks to Mr. A. B. Gahan of the 
United States National Museum for his kindness in helping to com¬ 
pare and identify the parasites recorded in this paper. 

Leptomcutix dactylopii Howard 
(1885, I?. 8. Bur. of But., Bui. 5, p. 23) 

This species was described briefly by Dr. Howard in 1885, and 
again in 1882 (Proc. Ent. Soc. Wash., II, p. 237) he states that is 
a not uncommon parasite of the common mealy-bug in the green¬ 
house at Washington, D. C., and notes the following: 

“Min Lillie Sullivan has found it the present season infesting mealy-bugs 
upon house plants, and informs me that she can at onee recognise infested scales 
by the fact that they lose almost entirely their wax or meal-like covering and 
swell up into yellow objects closely resembling dipterous puparia. She has shown 
me several from which the parasites have emerged and I have been greatly struck 
$)r this resemblance which is heightened by the fact that the parasite in issuing 
cuts off a cap at the end of the scale insect, just as the dipterous insect forces 
off the end of its puparium. This is an abnormal habit so far as I know, as 
allied parasites are accustomed to gnaw holes through their hosts, removing the 
epidermis in small particles and leaving no cap. The resemblance of the swollen 
mealy-bug to a dipterous puparium is so strong that only by close search with 
a strong lens can the observer, by finding the minute legs and antennae, be cer¬ 
tain of its identity." 

These early observations of Dr. Howard have been confirmed by 
tiie writer. 

Upon further study and comparison of material, dactylopii may 
prove to be identical with the European histrio described by Mayr 
in 1875, and this is highly probable as both species seem to be rather 
variable in color and size. 

Female: Head somewhat lenticular, slightly convex; ocelli ar¬ 
ranged in triangle, the hind ones farther apart from each other 
than from the inner margin (f the eye; antennae very* long, as 
long or slightly longer than the body, slender and clothed with 
delicate short hairs; the scape as long as the first two funide joints 
together, pedicel twice as long as wide, and about half as long as 
the following joint, club as long as the last two funicle joints com- 


* gor n toriy Chief SntomolofUt of the Insular Experiment Station 
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biiied, slightly broader than the funicle and rounded on end. 
Thorax moderately arched, mesonotnm somewhat shining, with scat¬ 
tered setae. Scntellum dull, with sparse setae; at its posterior 
apex are two distinctly larger, more prominent black setae. Vertex 
and thorax with indistinct scale reticulations under high microscopic 
power. Abdominal segments difficult to distinguish. 

The general color of the female is honey-yellow with distinct 
reddish tinge on the mesonotnm, the antennae and eyes blackish, the 

hind margin of 
the pronotum, 
scutellum, dor¬ 
sum of abdomen, 
and hind femora 
more or less 
dusky. 

Male: Similar 
to female in 
structure but 
distinguished at 
once by its an- 
J^pnae which 
a r e distinctly 
longer than the 
entire body and 
the funicle is 
furnished with 
numerous long 
hairs which are 
not arranged in 
whorls. Much 
darker than the 
female, the 
amount of black 
on thorax quite 
variable, the 
mesonotum, dis¬ 
tinctly yellow. 
Antennae, hind 
tibiae and tarsi 
fuscous. 

Length of fe¬ 
male, 1.50 mm.; 
male, 0.97 mm. 

As the original description is now inaccessible to most workers, 
the above brief re-description is given. It is drawn up from a female 
reared by the writer from Pseudococcus citri at Bio Piedras, Porto 
Rico, June 8, 1925, and a series of three females and four males 
l eared by F. Sein at same locality from the same host, November 



FIG. 1. —Pseudococcus ottrt parasitised by Leptomastix 
dactylopa 
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1925. There is also at hand a male reared by the writer at New 
Orleans, La., September 1922. 

Aehrysopophagus seini, new species 

Resembling a CheUoneurus very closely and placed in Achryso- 
pophagus only because of its slightly narrower head and the absence 
of distinct scrobal grooves. Very close to A. dactytopii Howard but 
differs in having the fore-wings less enfumed and the stigmal vein 
is very different. 

Female: Head slightly wider than long; ocelli arranged in an 
acutely angled triangle. Antennal scape slightly expanded beneath, 




FIG. 2.—Forewing of female Aehrysopophagus seini Dozier 

nearly four times as long as its widest width; pedicel as long as the 
first two funide joints combined; first four funicle joints sub-equal, 
the fifth and sixth longer and wider; dub three-jointed distinctly 
wider than the scape and of about the same length, obliquely truncate. 
Mesothoracic scutum over twice as wide as long. Scutellum about as 
long as wide, with the characteristic tuft of black bristles, distinctly 
reticulated. Mesoscutum with dark hairs anteriorly qnd on hind 
margin but with numerous setigerous punctures in the silvered area. 
Abdomen shorter than the thorax, the ovipositor sheath distinctly 
exserted. 

General color a yellowish orange, the abdomen usually slightly 
darker; eyes dark. Antenna testaceous yellow except a fine streak 
along center of upper margin of scape, the pedicel, first funicle joint 
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partly, and the club, which are brownish-black. Legs pale yellowish 
white, the hind femora and tibiae with slight infuscations. Fore- 
wings with characteristic enfumation on dike as in Fig. 2. 

Length, exclusive of ovipositor, 1.10-1.4 nun. 

Male: Antennae entirely different from those of female, easily 
differentiating the sexes, uniform light brown in color; funide joints 
furnished with partial whorls of long diverging hairs. General color 
dark-brown, the front and middle lege pale, the wings hyaline without 
embrowning. 

Length, .78 mm. 

Described from a female reared by the writer (U. S. National 
Museum type No. 40351) from Pseudococcus citri material on croton 
at Bio Piedras, Porto Rico, June 21, 1925, and a series of four fe¬ 
males and one male reared by Francisco Sein in November 1925 
from the same host and locality. The mealy bugs were parasitized 
by Leptomastix dactylopii and the parasitized individuals were placed 
in shell vials by Mr. Sein, and from some of these issued this species. 
Arfohrysopophagus scini is most probably secondary on the Lepto- 



FIG. 3.—Antenna of female Aehrysopophagus seini Dozier 


mastix, although absolute proof is lacking. All material was mounted 
in Canada balsam on slides and is not entirely satisfactory. 

Achrysopophagus gahani, new species 

This species is very closely allied to A. seini and dactylopii How. 
and was first placed as the latter. The original description of A. 
dactylopii is too meager to allow for positive identification but through 
the kindness of Mr. A. B. Gaban of the U. S. National Museum the 
Porto Bican specimen was carefully compared by him with the type 
of dactylopii and found to be a distinct and apparently undescribed 
species, dactylopii having the ovipositor very distinctly exserted, the 
head decidedly longer than broad when viewed from the front, and 
the antennal dub is much larger than in gahani. 

Female: Antennal scape much expanded beneath, pedicel as long 
as first two funide joints combined, the fifth mid sixth joints dis¬ 
tinctly wider and longer than the preceding funide joints; dub 
three-jointed, distinctly larger and wider than remainder of antenna. 
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characteristic tuft of black bristles at apex, 
retoulrted Abdomen about as long as thorax, the ovipositor sheath 
*»«ted. The structure of the stigmal vein is very 
distanctave, readily separating it from seini. y 

baJlrtS SULTW?* 1 °? nge \ Fok ™*& hyaline and bare on 
mfhiL^Ia e *®fP t embrowning at base, remainder distinctly 
embrowned with only the apical tip hyaline as in Pig. 4 . The anten¬ 
nal scape testaceous yellowish, lower edge infuscated along basal half 



FICK 4. Fortwtaf of female Achryaopophagua gahani Dozier 

& P fu2?us <md funicle distinetl y darker yellowish-brown, the club 
Length, exclusive of ovipositor, 1.25 mm. 

Described from a single female reared by the writer from Pseu- 
docoecus citri material on croton June 18, 1926, at Bio Fiedras. 
Porto Rico (U. S. ^ 

National Museum 
type No. 40362). It 

is most probably a >y 

secondary parasite. 

Dr. Howard in de- ^j 

scribing his A. dao~ A^^Mf 

tylopii states that a 
large number were 

bred from the com- *•—• anttnM of female Aghrg$opopkagui gth**i 

mon mealy-bug in 4 Dower. 

company with Leptomostix dactylopii Howard. 

Thysanus nigrw (Ashmead) 

(1900 Proe. XT. 8. N. Una, ndi, p. 410, Signiphora) 

Two females of this species were reared by the writer at Bio Pie- 
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drag from Pseudococcus citri material on croton June 22, 1925, and 
a male was reared from similar material July 3, 1925. 

Thysamts bifasciatus (Ashmead) 

(1900 Proc. U. S. Nat. Museum, xxii, p. 411, Stgniphora ) 

Four specimens reared in November 1925 by Francisco Sein from 
parasitized Pseudococcus citri placed in shell vials, have been com¬ 
pared by Mr. Oahan with the unique type of bifasciata and prove to 
be the same species. It is most probably hyperparasitic on either 
Leptomastix dactylopii or Achrysopophagus seini, both of which were 
reared from the same material. T. bifasciatus was described from a 
single female specimen collected by H. IT. Smith on St. Vincent, and 
it is interesting to have more definite information concerning this 
distinctly West Indian species. 

Thysanus flavus 
(Girault) 

(1913 Proc. U. S. N. Mbs., 
45, p Sign(phora) 

A single female was 
reared by the writer 
from lignum-vitae ma¬ 
terial infested with 
Aleurothrixus howardi 
at Central Aguirre, 
Porto Rico, July 6, 

FIG. 6 .—Eupelmus satssetxae; (o) full-grown -loot; 
larva w » tu; ( b) pupa, greatly enlarged .uwo. 

Lecaniobtus cockerelli Ashmead 
(1896 Proc. Ent. Soo. Wash., vol. 4, p. 17) 

A number of specimens were reared from Saissetia oleae on avo¬ 
cado at Rio Piedras, May 26, 1925. 

Eupelmus saissetiae Silvestri 
(1915 Bol. Lab. Zool. Agr. Portici, vol. 9, p. 289) 

The Black Scale, Saissetia oleae, is held in partial check in Porto 
Rico by parasites and apparently Eupelmus saissetiae is rather abun¬ 
dant. On June 11, 1925, many mature scales were found to contain 
grubs in various stages of development, one to a scale, the full-grown 
grub measuring 3.75 mm. A number were removed from the scale 
coverings and placed in a vial without food and pupated on June 13th. 




NOTES ON PORTO RICAN SCALE PARASITES 


273 


Shortly afterwards the adults issued, showing a great variation in 
size, due most likely to the cutting short of their food supply. 


Pseudoteroptrix imiiatrix Fullaway 
(1918 Ptoe. Haw. Ent. Soc., yoI. 3, p. 484) 


A single specimen reared by the writer from the mining scale, 
Howardia biclavis, on Acalypha at Bio Piedras, November 24, 1924, 
has been determined by Mr. .Gahan as this species. It is recorded 
as an abundant parasite of Howardia biclavis in Hawaii but out of 
a large amount of material placed in parasite cages in Porto Rico 
only the single specimen was obtained. 


Plagiomerus cyanea (Ashm) 

(1888 Entomologica Americana, 
IV, p. 186, Cornys) 

This species is easily placed 
generically by the four-jointed 
funide and the cluster of flat¬ 
tened scales at the apex of scu- 
tellum. One species of the ge¬ 
nus, P. diaspidis, was reared in 
New Mexico from Diaspis cacti, 
and Girault (Ann. Ent. Soc. 
Amcr., Vol. VIII, p. 280) stated 
that Comys cyanea Ashmead 
from Florida should be placed 
in Plagiomerus and is very 



much like diaspidis but has 
joints three and four of the 
funicle white. Mr. P. H. Tim- 


FIG. 7.—Thorax of Pla//iomerus cya- 
nca greatly enlarged, showing the 
flattened scales 


berlake, to whom the writer sent his material for study, writes that 
‘‘it differs from the described species diaspidis Cwfd., cyanea (Ashm.) 
and hospes (Timb.) in having the scale-like setae extremely broad 
and also from cyanea in having the mesonotum much less brilliantly 
blue, and its pubescence dark instead of white.” After considerable 
study and comparison with the type of Comys cyanea, Mr. Gahan 
end the writer decided that«this material is‘most probably cyanea 
Ashmead. The type of cyanea from Florida is card-point mounted 
and the relative width of the scale-like setae is difficult to discern 


although they appear slightly narrower than in the Porto Rican ma¬ 
terial. 
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Female: Antennae nine-jointed, the pedicel longer than the first 
two funicle joints together; the fonicle four-jointed, its second joint 
distinctly shorter than the others and only half as long as wide; 
hairs prominent. In slide-mounted specimens the scntellum is deeply 
and roundy reticulated, the mesonotum more coarsely and less dis¬ 
tinctly so; from base of scutellar fold apex, arise a cluster of much- 
fiattened, very broad scales and just above the fold on each side is 
an oblique row of three prominent setae. Mesonotum with rather 
long black setae. Wings hyaline, strongly iridescent, densely and 
finely ciliated over apical half, the hairless oblique streak very dif¬ 
ficult to distinguish on account of the fineness and sparseness of 
cilia over the basal area; submarginal vein with seven prominent 
setae; marginal vein not punctiform, and the post-marginal short 
but distinct. Ovipositor very deeply seated, but with a short portion 
extending beyond abdomen. 

Head and body blackish with decided metallic bluish-green re¬ 
flections. Specimens mounted in balsam on slides show dark-brown. 
Antennae are pale yellowish, most of the pedicel, the first two funi- 
c*le joints, and most of the first and last joint of the club, fuscous. 
Legs blackish, with following exceptions: the knees and apices of 

*he front tibiae, basal HMf and apices 
\ of the middle femora and base and 
L \ apical half of middle tibiae, the base 
« \ and apices of the hind tibiae, and 
V 1 all tarsi, pale. The brown portions 
\1 of the legs show coarae reticulation 

FIO. 8. —Antenna of female Plagio- under high Power. 

menu oyanea (Aehm.) Length, .80-.90 mm. 

* Re-described from a series of card-point-mounted females and four 
individually slide-mounted females, all reared by the writer during 
June and July, 1925, from lignum vitae, infested with Ceroplastes 
rirripediformis, Aspidioius cyanophylU, and Aleurothrixus howardi, 
collected at Central Aguirre, Porto Rico. Without very much ques¬ 
tion this species is a primary parasite of the wax scale. 

The Genus Aspidiotiphagus Howard 

This genus has been recently revised by the Italian Entomologist, 
Guido Paoli (BoL della Sox. Ent. Italians, VoL 58, July 1926), 
and he now recognizes as valid two species and one variety, eitrinut 
var. agilior Berl. Ashmead’s A. aleyrodit as represented in the U. 8. 
National Museum by three pin-mounted specimens is not an Atpi- 
diotipkagus but is probably an Encarsia. Heretofore A. lovnsburyi ' 
has been known only from the Island of Madera, and Liguria, Italy, 
where at the latter place it was introduced and established as a par¬ 
asite of Chrysomphalus dictyospermi. It is therefore of interest to 
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record the presence of this species in the New World. Specimens of 
both typical citrinus and lounsburyi were submitted to Dr. Paok 
who checked on the identification. 

Key to Species of Aspidiotiphagus 

First joint of dub distinctly shorter than either of the apieal 
two, submarginal vein always with a single seta, marginal 

setae 3-4- lounsburgi Berl. and Paoli. 

First joint of dub nearly as long as each of the apical two, 

submarginal vein with two setae, marginal setae 4-6_ 

_<citrinus (Craw.) 

Aspidiotiphagus citrinus (Craw.) 

(189X Destructive Insects, Sacramento, Cal.; Coooophagus) 

The writer has examined in the U. S. National Museum slides 
containing specimens reared from Aspidiotus aurantii at San Fran¬ 
cisco, Cal., April 
1902, by Alex 
Craw. Without 
the original types, 
which are appar¬ 
ently lost, this 
material must be 
considered as typ¬ 
ical and as au¬ 
thoritative as any. 

These specimens 
show nearly the 
entire adomen 
darkened and not distinctly banded as in the familiar drawing that 
has served to illustrate this species for so many years. They show 
the first joint of the dub almost as long as either of the apical two, 
the submarginal vein always with two setae and the number of setae 
on edge of the marginal vein varying from four to five, the latter 
number being the rule. 

Female: Head as wide as thorax; antennae dght-jointed,.the 
scape long and fusiform; dub dongate, the last two i joints sub» 
equal and only slightly longer than the first, and miscroaoopie ele¬ 
vations present as in figure; eyes large and prominent. Soutellum 
with two rather distinct pores. Forewings are rather wide and the 
anterior margin well-rounded; the marginal vein is furnished with 
four to five marginal setae, that number being variable, often a 
specimen having four marginal setae on one wing and five on the 
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other; the submarginal vein, however, always has two fine setae; 
{he disc of the forewing with numerous cilia arranged in three or 
four more or less distinguishable rows and there is a bare area 
about the stigma. 

Head and body brown with the exception of the vertex, lower 
two-thirds of mcsonotum and the parapsides, all of which are yel¬ 
lowish. Antennae uniform smoky. Anterior wings with the mar¬ 
ginal vein dusky, and with dark infumation or clouding beneath 
its length, extending across the entire width of wing. Legs pale 
yellowish. 

Length of body, .36-.44 mm.; expanse, .920-1 bb.; greatest width 
of forewings, .08-.10 mm.; 

Male unknown. 


The above description is drawn up from numerous slide-mounted 
and fresh specimens reared from Asterolecanium pustulans on va¬ 
rious hosts during 
1925 at Bio Piedras, 
Porto Rico; from 
Diaspts carueli on 
juniper, Newark, 
Delaware, October 
16, 1925; and from 
Chrysomphalus te- 
nebricosus on wil¬ 
low at New Orleans, 

. La., February 11, 

FIG. 10.—Forewlng and antenna of Aspidiotiphagus 1(loc 
. atnnvs (Craw.) lyZo. 



Aspidiotiphagus lounsburyi 
(1916 Bedia, XI, fasicle 1, p. 305, Protpaltella) 

Readily distinguished from Aspidiotiphagus citrinus by its more 
yellowish color, the first joint of the club being only about half the 
length of the second joint, and especially by having only a single 
seta on submarginal vein. 

Female: Head as wide as thorax, the eyes large and prominent. 
Antennae eigth-jointed, long and slender, especially the fusiform 
scape; pedicel distinctly larger and wider than the funide joints 
which are all subequal in length; first joint of club only about half, 
as long as the second and of equal width. Ocelli placed in equilateral 
triangle. Forewings long and narrow, narrower and more pointed 
at tip than those of A. citrinus; marginal cilia very long, those on 
hind margin distinctly longer than those on anterior margin; the 
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marginal vein furnished with three marginal setae, although some 
have four and there is a single submarginal vein seta. 

The entire head and body is of a dirty yellow color, the posterior 
two-thirds of the mesonotum and the parapsides being the lightest 
in coloration. Some specimens are much darker, approaching more 
the coloration of citrinus. Eyes dark reddish brown. Ocelli dis¬ 
tinctly carmine red. Antennae dirty yellowish. Forewings with 
infuscation across the width of the wing beneath the marginal vein 
similar to citrinus. The cilia on disc are fewer than in citrinus and 
arranged in two or three rows. 

Legs pale. 

Male unknown. 

Length, .30-.36 mm.; expanse, 

.68-.80 mm.; greatest width of 
forewing, .06 mm. 

Above description made from 
a slide containing seven females 
and a slide containing four fe¬ 
males reared by the writer from fkj 11 .— Porewing and antenna of 
Aspidiotus destructor on plant at- Aspidiotiphagu? lounsbvryi Berl. 

Rio Piedras, Porto Rico, May 29, an ‘ l 180,1 

1925; and four females on slide reared from scale material on cit¬ 
rus, Rio Piedras, Porto Rico, May 21, 1925; six females on slide 
beared from Diaspis pentagona on mulberry June 5, 1925, at Rio 
Piedras, Porto Rico. The writer has for comparison many speci¬ 
mens from the Island of Madera, reared from Chrysomphalus dictyo- 
spermi by Guido Paoli, June 1923. 





NOTES ON POBTO BIOAN THTSANOPTEBA 

By H. L. Dozhb 1 

The writer is greatly indebted to Dr. J. D. Hood who has kindly 
confirmed or determined the species recorded in this short paper. 

Frankltnothnps vespiformis (Crawford) 

Ten adults taken on guava foliage in association with Selenothrips 
rubrocmctus and the 
guava whitefly, Aleuro * 
diem mirnmus, Septem¬ 
ber 21, 1924, at Rio Pie- 
dras Also collected in 
bloom of cultivated rose 
May 24, 1925 

Aleurodothrips fascia 
pennis Franklin 
From citrus material 
infested with Soft and 
Purple Scale, May 24, 

1925, at Rio Piedras. 

Nelenothnps rubrocmc- 
tus (Giard) 

This species was pre¬ 
sent in the adult and 
last instar m large num¬ 
bers September 18,1924, 
attacking the underside 
of foliage of a musca¬ 
dine grape imported FIG. 1.—Typical work of the Cuban Laurel 
from Florida on the ex- Gynaikothnp^ uncli, on “Laurel de 

penmental grape plot 

at the Station. While serious damage was done to the muscadine, 
other varieties adjacent were not attacked, including the native 
(nape, Californian varieties, Vitis amurensis and the Carmen. On 
October 28th, this thrip was abundant on an imported variety of 
mango, on guava, and on almendra, Termwalw catappa. On No- 

1 Form* rly Chief Entomologist of the Ineular Experiment Station 
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vember 1st it was found attacking young leaves of the mangosteen, 
Qarcinia mangostana, and on the 5th the Burbank Thornless Black¬ 
berry in the berry plots was extremely badly infested and nearly 
completely defoliated. The Himalaya Raspberry, Rubus eUipticus, 
was also generally attacked and the Outhbert Raspberry was very 
slightly infested. The native berry was not attacked. 

Oynaikothrips uzeli (Zimm.) 

At all seasons of the year this thrips may be found abundant, 
curling the leaves and growing tips of the “Laurel de India”, Ficus 
nitida Thunb., wherever the latter occurs on the Island. Two pre¬ 
daceous anthocorid sucking bugs, MacrotracheUclla nigra Parshley 
and Cardiostethu8 sp., were attacking this thrip in abundant numbers 
at Juana Diaz, February 11, 1925. Trees at San Juan were found 
heavily infested July 2, 1925. 

Heliothrips haemorrhoidalis Bouche 

Abundant breeding on leaves of an introduced plant, Marringtonia 
vpeciosa, at Rio Piedras, May 24, 1925. 

Frankliniella msularis (Franklin) 

This is the most common species of flower thrips over the Island, 
attacking many different flowers—in blooms of Canavali maritimus 
op the beach at Santurce, January 6, 1925; abundant in blooms of 
“granadilla”, Passiflora quadranguiaris, June 17, 1925; in rose 
blooms at Rio Piedras, May 24, 1925. 

Frankliniella triciti (Fitch) 

Taken in blooms of grape fruit at Trujillo Alto. 

Haplothrips merriUi Watson 

Specimens of what has been placed dubiously as this species have 
been obtained from parasite emergence boxes of scale and whitefly 
material as follows: numerous specimens from Asterolecanium bam- 
busae material on bamboo, Rio Piedras, May 31, 1925; one specimen 
from Pvlvinaria iceryi material on sugar cane at Areeibo, May 81, 
1925; one specimen from Howardia biclavis on Acalypha, Rio Pie¬ 
dras, May 31, 1925; one specimen from Ceroplastes cirripediformis 
on passion vine; and a single specimen from Aleurothrixus howardi 
cm lignum-vitae at Central Aguirre, July 22, 1925. The fact that 
this thrips has been reared in each case associated with either scale 
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or whitefly material would indicate that the species is most likely 
predaceous on the young. 

Soplandrothrips reynei Priesner 

Several specimens of this large thrips issued from Asterotecanium 
,puttvlans material on Gama fistula placed in parasite emergence 
cages, May 31,1925, at Bio Piedras. This species also is most proba¬ 
bly predaceous on young scale and whitefly. 




EDIBLE OABOZNIA8 AND POSSIBLE MANOOSTEEN 

STOCKS 1 

By F. J. WjSSTtt 
PRELIMINARY REMARKS 

The genus Oarcinia includes some 210 or more species, mostly 
described from tropical Africa and the Indo-Malayan region, in¬ 
cluding New Guinea and the Philippines, which last-mentioned 
archipelago has 30 known species. In the south and east of the 
Malay Archipelago the range of the genus extends to Australia, 
whence four species have been described, to New Caledonia which 
has contributed 12, and to Fiji with four species of which one also 
bas been found in the Tonga Islands, the eastern limit of the genus. 
The northermost limit for these plants is Hongkong, where two 
species have been found. To the westward 16 species of Oarcinia 
have been described from Madagascar, and 80 from tropical conti¬ 
nental Africa where they are scattered from coast to coast. Five 
species of Oarcinia previously described from tropical America are 
now referred to other genera. 

Most species of Oarcinia perhaps prefer a moist climate through¬ 
out the year, though many also thrive in regions with pronounced 
dry seasons. While the vast majority grow at low and medium 
elevations, some are also found at altitudes ranging from 1,300 to 
2,000 meters. 

Practically all Oarcinias are trees, some of which are reported 
to attain a height of 20 or more meters. A few are shrubs, while 
at least two climbers have been described. The habit of a consid¬ 
erable number is still unknown. 

The leaves are opposite, rarely temate, simple, thick and leathery, 
or thin. The flowers are polygamous or dioecious, solitary or in 

1 The success recently attained in grafting the mangosteen oq the Bunag has prompted 
a review of the experiments made to find a stock for the mangosteen, and the literature 
related to Qareinias, in an attempt to determine in view of past experiences what other 
species might be sufficiently closely related to the mangosteen to be worth experimenting 
with for stock purpoats, and to assemble for the convenience of experimenters with these 
interesting plants the information available about species with* edible fruits, thitherto widely 
scattered in many publications difficult* of access. Incidentally the paper also serves to 
call attention to the lack of detailed knowledge relative to the habitat, climatic require* 
meats, and the fruits of many species with alimentary potentialities. It is a pleasure to 
acknowledge my obligations to Governor Carl If. Moore of Sulu, for herbarium material of 
G. mooreana, and to Dr. 8. Youngberg and Mr. A. W. Prautch, Bureau of Agriculture, 
Manila, P. I, who furnished the photographs for the accompanying plates. 
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fascicles, terminal or axillary, with four to five sepals and petals, 
many stamens in the male flowers, and a one- to many-eeUed ovary. 

The mangoeteen is the best known species in the genus, and one 
of the moat highly prised fruits in the world. Indeed, a suggestion 
for improvement of this excellent fruit is a tax on the imagination. 
Not only is the snowwhite flesh exquisitely flavored, and very attract¬ 
ive to tile eye contrasted against the pink lining of the rind as the 
fruit is opened, but it is provided with a thick, fibrous shell or con¬ 
tainer for protection that makes the fruit a better shipper than most 
tropical fruits. And yet, hasn't some one said that there is a fly in 
every ointment, or words to that effect f 

An aristocrat among fruits, the mangoeteen tree is, one might 
say, highly temperamental, fastidious in its environmenal require¬ 
ments, and difficult to handle in the nursery. It thrives only in a 
hot, moist climate, with fairly abundant rainfall of equal distribu¬ 
tion throughout the year. The seeds are perishable and rapidly 
lose their viability unless properly cared for. The plant has a 
weak root system and is of very slow growth in the nursery stage. 
Hence the mangoeteen, notwithstanding its excellence, has never 
become widely distributed, and still is grown to any considerable 
extent only within a restricted area in Java and the Malay peninsula, 
with small orchards in Burma, Siam, Indo-China, and Ceylon. It 
is rarely seen in the western Indian peninsula. Semi-cultivated it 
occurs in Jolo, in the Sulu Archipelago, Philippine Islands, where 
it thrives to perfection. Less than a score of trees are in bearing 
in all the other islands of that Archipelago though the dimatie con¬ 
ditions are favorable in many districts. Occasional trees have fruited 
in Hawaii, "Ecuador, and the West Indies, including Porto Bioo, but 
all attempts at a general dissemination of the mangosteen have 
failed. 

EXPERIMENTS WITH GRAFTING AND STOCKS 

In the Western Hemisphere the mangosteen first fruited in 1875 
in Trinidad, B. W. I. After many fruitless attempts to raise plants 
from the seeds had been made, the late W. H. Hart, then superin. 
tendent of the Botanic Garden of that island, as early as 1888 tried 
to inarch the mangosteen on other, more vigorous and fast-growing 
species of Gamma but without success. His experiments were re¬ 
peated in Jamaica with the same results. Through the initiative cf 
Dr. David Fairchild, agricultural explorer in charge of foreign seed 
and plant introduction of the Bureau of Plant Industry, United 
States Department of Agriculture, experiments in iTinrehi^g the 
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mangosteen on other species of Gareinia end related plants were began 
about 1902 by' the late G. W. Oliver, and later have been continued 
by Mr. Edward Goucher, now superintendent of the Bell Plant In¬ 
troduction Station, Glen Dale, Md. As a result of his work Oliver 
in 1910 published a bulletin in which he claimed to have found oer- 
tain-species successful stocks for the mangosteen. To quote: 

“The most promising species of Gareinia for nee aa ftoek plant* for the 
mangosteen are O. Hnetoria, 0, morella, and O. livinggtonei in the order named. 
Platonta intignit, so far as the work has progressed, is a very promising stock 
from one to three years after germination, and if it will grow under the condi¬ 
tions suitable for the mangosteen it may tnm out to be the best stock of all 
those tried.” 

Aside from those mentioned, Oliver says he experimented with 
about 20 species, among which-he mentions G. cornea, G. hqmbwryi, 
G. fusca, G. loweiri, G. sieygifoUa, G. tpeciota, G. spicaia, Calopkyl- 
lum calaba, and C. inophyUum. However, while there were no dif¬ 
ficulties in getting a union between stock and scion, later it was found 
that after it had been severed from its own roots the mangosteen 
refused to accept the stock though in some instances it remained 
alive for a year after severance. In the moist greenhouse atmosphere 
the stumps of such grafted mangosteen scions frequently developed 
1 aerial roots that descended into the soil and re-established their own 
? *ioot systems. 

Experiments made by the writer more than ten years ago at the 
Lamao Experiment Station, Philippine Islands, showed that Calo- 
phyllum inophyllum could easily be shield-budded. Shield buds of 
the mangosteen inserted on this plant and on G. venudota made a good 
union, and the buds remained alive for some three months before 
they died. Cleft grafts of mangosteen on G. dulcis and G. binukao 
likewise failed, though the former species was shield-budded on it¬ 
self, and the latter deft-grafted on itsdf without difficulty. 

In 1918 in Parang, Jolo, Sulu Archipelago, and in Iwahig, Pala¬ 
wan, Philippine Islands, I came across a Gareinia called Bunag 1 (in 
Palawan) that had the characteristic features of the mangosteen ex¬ 
cept that the fruit was smaller, reddish instead of purplish, with 
tharply add instead of subacid flesh like the mangosteen. In fact, 
it was so similar to the mangosteen that it occurred to me that here, 
was the long-sought-for stock fpr the mangosteen, if it exisied. Seeds 

* Prom material brought him, Mr. E. D. Merrill, then botanist of the Bureau of Bel* 
eqee, Manila, P. I., identified the Bunag aa <?. b$nth®m4 Pierre, under whieh name it it 
described and figured in Bulletin No. 89, The Food Plants of the Philippines. However 
from the description and plate of 0. Benthami in Flore Forest!ere do Indo-China by Pierre, 
it would appear that Bunag is not that species. 




shield-budded plant of Banati, Garcinia dulcis . related to the mangosteen. Experiments made at the 
cperiment Station, P. I, show that plants of this family are easily shield-budded and cleft-grafted. 
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wore accordingly obtained from Palawan and propagated by the Bu¬ 
reau of Agriculture at the Lamao Experiment Station with the idea 
of trying the plants as stocks for the mangosteen. However, owing 
to the frequent changes of superintendents of the Station, the pur¬ 
pose for which the Bunag plants were grown was lost sight of, and 
nearly all were distributed as they grew up. One plant found its 
way to the garden of Mrs. R. M. McCrory, Manila, where quite by 
accident I came across it in 1923, when it had grown into a small 
Handsome tree. A dozen or so shield buds of the mangosteen were 
inserted in the top of the tree, most of which made a good union. 
But the tree was such a handsome one that, not knowing whether 
or not the buds would make a successful growth, I hesitated to cut 
back the top sufficiently to force the buds into growth, and they 
finally died. In the meantime a few Bunag plants were obtained 
ly“Mr. John R. Schultz, Calauan, Laguna, and in May, 1924, 1 
inarched a small mangosteen plant on one of the Bunag seedlings, 
which rapidly made a good union. Pig. 2 shows the grafted plant 
about two years after the inarch was made. It was then nearly a 
meter high, and in perfect condition. 

While the Bunag grows wild in localities with an evenly distrib¬ 
uted rainfall, in Manila it has shown itself well adapted to a climate 
Eaiing a long, dry season. The tree shown in Fig. 3 is about 5 
years old from planting the seed. Of course, the outcome is by no 
means certain, but from present indications the Bunag used as a 
stock for this fruit promises to hasten by several years the coming 
into bearing of the mangosteen as compared with its being grown 
tn its own roots, and to extend the culture thereof over vast regions 
whore hitherto this has been impossible for climatic reasons. 

POSSIBLE STOCKS TOR TIIE MANGOSTEEN 

Prom the experience gained in previous experiments it is ap¬ 
parent that only rather close relatives are acceptable as stocks by 
the mangosteen, and the theory is advanced that the position of the 
flowers, whether terminal or axillary, and the character of the peri¬ 
carp, whether fibrous and crustaceous or fleshy, indicate the species 
that are sufficiently closely related to the mangosteen to be worth 
tlying for stock, and those others that are so far remqved from 
this fruit that a successful union of the two is beyond probabilities. 

Trees with fruits having a fibrous, crustaceous or shell-like, in¬ 
edible pericarp are believed to be most likely to prove successful 
rtoeks. Except in the Bunag whose flowers are unknown, this char¬ 
acter is always associated with terminal flowers. To this group 
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FXO. l-Mundtew sacoassfnlly grafted on another pleat, the Bunag. This 
la of vigorous growth end thrives under climatic conditions under which 
the maagostean mas to grow. 
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belong the mangosteen, Q. hombroniana, and 0. penangiana. Ap¬ 
parently O. cornea and G. celebica also have fruit character* in 
oommon • with the mangosteen, for Roxburgh describes the fruit of 
the former as “covered with a dark purple, juiceless bark,” and 
Heyne says of the fruit of the latter that it is similar to the man¬ 
gosteen. Undoubtedly there must be other species belonging in 
this-group among the large number of which the descriptions are so 
incomplete that they fail to convey a definite idea of the fruit char¬ 
acter, and another large number of which the fruit is still unknown. 
Two o&er species particularly worth'investigation are O. delpyana, 
said to have a fruit with spongy pericarp—an expression sometimes 
need about the mangosteen—and 0. dioica, said to have a fruit like 
the mangosteen. Both species are described as having terminal as 
well as axillary flowers. 

A little further removed from the mangosteen are those species 
bearing terminal'flowers, but with fruits having a more or less fleshy, 
frequently edible pericarp^ Until more is known of their behavior 
it is believed that they should be considered possible stocks for the 
mangosteen. Those with inedible or little-known fruits belonging 
ih these two groups will presently be enumerated. Species that 
belong in this class having edible fruits are included in the list of 
^dible Oarcinias. , \ 

Still more remote from the mangosteen is a third group of species 
in which the flowers are produced in the axils of the leaves as well 
as at the end of the twigs. With perhaps rare exceptions they are 
believed not sufficiently closely related to the mangosteen to afford 
material for stock. Finally, there is a fourth group in which all 
flowers are axillary. All of the several species in this group that 
have been tried for stocks have failed, and it seems improbable that 
it will yield stocks for the mangosteen. 

In the following species the flowers are terminal, and fruits have 
been collected, but as will be noted, the descriptions thereof are too 
incomplete to furnish clues as to whether or not the pericarp is 
crostaceous. Most fruits, if not all, probably qg^ittedible. *The 
plants are suggested for trial as mangosteen sto^m 

Gareinia echinocarpa Thw. 

A tree 12 to 15 meters high^ native of Oeyldh, where it is found 
up to an elevation of 1,800 meters; therefore, some forms are likely 
to be quite cold-resistant, a valuable feature under Florida condi¬ 
tions. The leaves are 7.5 to 15 cm. long, lanceolate-oblong or 
obovate, acute or retuse, thick and leathery. The flowers are pale 
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FIG. 3.—Bnnag seedling In Manila about live yean old, showing its vigor and 
adaptability to climatic conditions unendurable to the mangosteen. 
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yellow, the male sometimes axillary, bat the female terminal and 
solitary. The fruit is 4 cm. long, subglobose, the'surface dark red 
and covered with short, broad protuberances somewhat like Litchi 
chinensia. 

G. latissima Miq. 

A plant found in Celebes and Halmahera. The leaves are 30 
cm. long and 16 cm. broad, and leathery. The fruit is subglobose, 

4 to 6 cm. in diameter, with a fleshy pericarp and white pulp, con¬ 
taining one seed. The habit of the plant is unknown, but judging 
from the large leaves it is of robust growth. 

♦ 

C. maingayi Hook. f. 

A tree 12 to 18 meters tall, native of the Malay Pe n i ns u l a. The 
joung branches are thick and 4-angled. The leaves are elliptic- 
oblong, obtuse, shining on both sides, 11 to 17 cm. long and up to 
8 cm. wide. The flowers are waxy white. The fruit is roundish, 

5 to 6 cm. in diameter, 4 to 6-celled. 

G. microstigma Kz. 

A shrub about two meters tall, native of the Andamans. The 
leaves are elliptic to elliptic-oblong or lanceolate, subacute, up to 
40 cm. long. The female flowers are solitary. The fruit is roundish, 
up to 5 cm. across; the pericarp smooth, red and thin; the pulp 
containing 2 or more seeds. 

G. montana Bidl. 

A small tree 5 meters tall, found at an elevation of 900 meters 
on Mt. Ophir, Malay Peninsula. The leaves are lanceolate, bluntly 
acuminate, and thickly coriaceous. The female flowers are solitary, 
greenish yellow. The fruit is flask-shaped and beaked, 2 cm. long. 

t 

G. multiflora Champ. 

A shrub, native of Hongkong. The leaves are obovate, obtuse, 
up to 7 cm. long, and 3 cm. wide. The fruit is subglobose, smooth, 
2.5 cm. in diameter, 1 to 2-seeded, the seeds being similar to those 
of the mangosteen. The plant is probably quite cold-resistant. 

Q. schefferi Pierre . , 

A tree 10 to 15 meters high, native of Indo-China. The leaves 
are oblong or elliptic, rounded to short acuminate, leathery, 8 to 13 
cm. long, and 3 to 6 cm. broad. The female flowers are solitary. 
The fruit is oval, about 3 or more cm. long, smooth, ripening in 
September. 
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Q. travancorica Bedd. 

A very attractive tree of medium size, found in Travaacore, 
India, at elevations from 900 to 1,500 meters. The leaves are narrow- 
oblong to sub-spatulate, obtuse, dark green and shining, up to 10 
cm. long. The female flowers are solitary. The fruit is inedible. 
The plant is probably quite cold-resistant. 

In the following species the fruit is not known, but they have 
terminal flowers and therefore are believed to be worth while experi¬ 
menting with as stocks for the mangosteen: ’ 

Garcinia baiUonH Pierre. Borneo 
Garcinia bassacensis Pierre. Indo-China 
Garcinia crassiflora Jum. & Perr. Madagascar 
Garcinia gracilis Pierre. Indo-China 
Garcinia krawang Pierre. Borneo 
Garcinia kureii Pierre. Andaman Islands 
Garcinia lucens Pierre. Borneo 
Garcinia madagascariensis Baill. Madagascar 
Garcinia multibracteolata M. Philippines 
Garcinia m'ungotia Pierre. New Caledonia 
Garcinia murdochii Ridl. Borneo 
Garcinia nitida Pierre. Borneo 
Garoinia pancheri Pierre. New Caledonia 
Garcinia quadrifaria H. Bu. Tropical West Africa 
Garoinia riedeliana Pierre. Celebes 
Garcinia sorsggonsnsis Elm. Philippines 
Garcinia trianii Pierre. Borneo 

The fruits are unknown, but botanists who have examined other 
parts of the.plants regard G. malaccensis Hook, f., &om the Malay 
Peninsula; G. spedosa Wall., from Burma and the Andamans; G. 
wichmannii Lbeh., from New Guinea; G. melleri Baker, and G. pauci- 
flora Baker, both from Madagascar; and G. vieUlardU Pierre, from 
New Caledonia, as being very closely related to the mangosteen, and 
so are in line for trial for stocks for this fruit. 

EDIBLE QARCINIAS 

The mangosteen is by far the most important fruit in the genus, 
but there is a large number of species the fruits of which are eaten 
by the inhabitants of the countries where they grow, several of which 
have been domesticated, and are cultivated to some extent by the* 
natives. The remarks relative to the edible qualities of a number 
of the fruits in addition to the descriptions of the plants by various 
botanists would indicate that they are worthy of more attention than 
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has been accorded them. To the plant breeder they present a large 
virgin Add of move than ordinary interest. Not a few have te rmina l 
flowers, of which some, at least, may be found to be good stocks for 
the mangosteen. 

O. afeeHi Engl. 

A plant of unknown habit, found in Guinea and Sierra Leone. 
The leaves are oblong-elliptic, acuminate, and rather thin. The fruit 
is roundish, 1.5 cm. or more in diameter, smooth, yellow, and edible. 

i • 

O. atroviridis Griff. Abam Gblugub 

A wild and cultivated very graceful tree with pendulous branches 
attaining a height of 10 to 18 meters, native of the Malay Peninsula, 
where it is found from sea level up to 500 meters altitude. The 
leaves are 15 to 23 cm. long, and 5 to 7 cm. wide, oblong-lanceolate, 
abruptly acuminate, bright pink when young changing to dark green, 
shining on both sides. The flowers are terminal, the female solitary, 
large, and blood red. The fruit is sub-globose, 7.5 cm. or more long, 
orange yellow, smooth, with a firm-textured but not tough, fleshy, 
acid pericarp, enclosing the rather thin translucent pulp, divided 
into 9 or 10 locules. Too acid to eat out of hand, stewed with sugar 
tjke fruit is excellent according to H. N. Bidley, for many years 
director of the Botanic Garden in Singapore, who says that it is the 
best soft-rinded Oarainia in the Malay Peninsula. 

0 . bancana Miq. Kelabang 

A tree, 10 to 20 or more meters high, native of wet swampy 
forests in Banka, Sumatra, and the Malay Peninsula. The leaves 
are broadly obovate-lanceolate, rounded to mucronulate, 12 to 20 cm. 
long, the petiole winged. The flowers are axillary. The fruit is 
ovoid, green, and fleshy, and is eaten by the natives in the Dutch 
possessions. 

G. benthami Pierre. Bor 

A tree 20 to 25 meters tall, with pyramidal crown, native of Indo¬ 
china. The leaves are oblong or elliptic-oblong to lanceolate, short 
acuminate to obtuse, up to 13 cm. long in old, and lip to 18 cm. long 
in young trees. The flowers are Jerminal, yellow, the female‘solitary. 
The fruit is about 4.5 cm. in diameter, obpyriform, smooth; the per¬ 
sistent style concave, and tiara-shaped; the pulp in which the 5 to 
10 seeds are embedded is white, acid, and of agreeable taste. The 
fruit ripens in April. The tree should be tried as a 
stock. 
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0, N*w«*Cy. Bmxrtuo 

A trod IS up more meters tall, with drooping b^ancho^ of wide 
distribution under varying climatic conditions at low elevations in 
the Philippines, succeeding well where the dry season is pronounced. 
The leaves are obovate to elliptical, pointed, smooth and leathery, 5 
to 12 or more cm. long. The flowers are a xillar y. The fruit is 
about 4 cm. in diametor, subrotund, flattened at the apex, sometimes 
uippled at the base, smooth, greenish yellow. The pericarp is quite 
Arm, but like the scant pulp fleshy and very acid, and is eaten with 
fish by the natives. The 6 to 8 seeds are enclosed in bony shells. 
The fruit ripens in May and June. The binukao has been sucessfally 
introduced and fruited in Miami, Florida. 

G. cambogia Dear. Hila Aradal 

A small, erect, handsome tree with drooping branches, native of 
the lowlands up to an elevation of 600 meters in Ceylon and western 
India. The leaves are 5 to 12 cm. long, oblong-elliptic or lanceolate, 
rather thin, dark green and shining. The male AowWb are axillary, 
the perfect ones sometimes terminal. The fruit is about the Bize of 
an apple, the basal half with 6 to 8 grooves lengthwise, the apex flat 
and depressed and the surface yellowish or reddish. The pericarp 
is fleshy, and together with the 6- to 8-celled pulp of pleasant flavor, 
and eaten as a substitute for tamarinds with fish. The Singalese also 
dry the fruit and use it for flavoring curry. The fruit ripens in 
June and July. 

G. celebica L. Ktraba 

A rather rare tree up to 15 meters high, native of the Malay 
Archipelago at low elevations where it occurs wild and cultivated. 
The leaves are elliptic to oblong-elliptic, rounded, shining, and up 
to 22 cm. long. The flowers are terminal. The fruit is roundish, 
somewhat flattened, in the cultivated forms up to 5 cm. in diameter. 
While the descriptions do not refer to the character of the pericarp, 
the fruit is said to be similar to the mangosteen, though with less, 
rather acid, white edible flesh, 5- to 6-celled. It ripens in June 
and July. The tree should be tried as a stock for the mangosteen. 

G cochinchinensis Cy. 

A handsome tree with erect trunk, native of Indo-China, where *it 
is cultivated. The leaves are ovate-oblong and subacute. The flowers 
are axillary. The fruit is suhglobose, 5 cm. across, reddish yellow, 
6-locular, fleshy, acid and edible. 
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comma Nro 

A tote 20 to 30 maters in height, native of Kamerun. Hie loaves 
are elliptic, leathery, up to 3 cm. long. The fruit is 3 em. to diame¬ 
ter, suhgloboM, reddish yellow, with orange-colored edible pulp. The 
seeds also are edible. The fruit ripens in June. 

0 , cornea L. Hubbub 

Originally described from the Malay Archipelago, this plant also 
has been collected in Burma. According to Roxburgh who described 
it from trees obtained from the Malay Islands, growing to Calcutta, 
it is a handsome tree, in Buima attaining a height of 18 meters. The 
leaves are oblong, short acuminate, shining, 10 to 15 cm. long. The 
dowers are terminal, pale yellow. The fruit is nearly round, about 
3.5 cm. in diameter, covered with dark purple, priceless bark, the 
seeds up to 4, embedded to white, subacid pulp of pleasant taste. 
The fruit ripens in May and June. Hooker remarks that the peri¬ 
carp is spongy as to the mangosteen, bright red to color, and that 
the pulp is very acid. Therefore, notwithstanding the failure re¬ 
ported by Oliver it is believed that the Hussur should be tried again 
as a stock for the mangosteen. -'The species is considered a synonym 
of <?. celebica by some authors. ' 

costata Hemsl. 

A rather large tree, sometimes exceedmg 20 meters to height, 
found at 750 to 900 meters elevation m Perak, Malay Peninsula. 
The leaves are elliptic, acute, thinly coriaceous, and 16 to 38 cm. 
long, and up to 16 cm. wide. The flowers are pale yellow tinged 
with red, terminal, the female solitary. The fruit is roundish, flat¬ 
tened, 5 cm. long and 7.5 cm. m diameter, with many deep longitu¬ 
dinal grooves, pale rose to red, and edible It should be tried as a 
j stock for the mangosteen. 

O. cowa Rxb. Cowa 

A handsome tree up to 18 meters tall, with slender drooping 
branches, from the Andamans and Bengal to Burma and Annum, 
The leaves are broadly lanceolate, acute, thick and shining, 7.5 to 12 
cm. long. The flowers are terminal and axillary. The fruit is of 
the size of a small orange, roundish, depressed at the apex with a 
nipple-like projection in the center, and 4 to 8 longitudinal grooves, 
dark yellow, the pericarp fleshy and of good flavor like the pulp 
which contains 4 to 8 seeds. The fruit ripens in June and July, and 
is said to make a remarkably fine preserve. 
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0. cvmihgiana Pierre. MaiasU 

A aw ail tree up to 10 meters high, found at tow and medium 
elevations, in part in regions with a long dry season, in northern 
Luzon, Philippine Islands/ The leaves are oblong or elliptic-oblong, 
acuminate, leathery, and up to 80 cm. tong. The flowers are terminal, 
solitary, and yellow. The fruit is roundish, somewhat flattened, 
smooth, up to 5 cm. in diameter, fleshy, add, and edible. The Malabu 
should be tried as a stock for the mangosteen. 

G. delpyana Pierre. Tbahbnq 

A tree 10 to 18 meters tall, native of Indo-China. The leaves 
are oblong to linear-oblong or lanceolate, leathery, and 10 to 20 cm. 
long. The male flowers are terminal or axillary, the hermaphrodite 
solitary. The fruit is globose, about 8 cm. in diameter, smooth, yel¬ 
lowish, and has a spongy pericarp. The pulp in which the seeds are 
embedded is of pleasant taste, and divided into 6 to 7 loeules'. The 
Trameng should be tried as a stock for the mangosteen. 

G. dioica Bl. Tjeubi 

A very characteristic tree up to 18 meters high, with erect trank 
and spreading branches, found throughout Java below an altitude 
of 1,200 meters, common in many districts but nowhere cultivated. 
The leaves are rather small, oval to lanceolate, acuminate and 
The flowers are terminal and axillary. The fruit is subglobose, some¬ 
what flattened, depressed at apex, up to 8.5 cm. long, and up to 
4* cm. in diameter, pale yellow, the pulp 6- to 10-loculed, and of re¬ 
freshing flavor. In foliage and habit the tree does not appear to 
be closely related to the mangosteen, but the fruit is said to be 
similar to it and its trial as a stock might be worth the while. 

G. dives Pierre. Pnom 

A small slender tree, 10 or more meters tall, of wide distribution 
under widely varying climatic conditions at low and medium eleva¬ 
tions in the Philippines. The leaves are rather mull, elliptic-lance¬ 
olate and pointed. The flowers are produced in the axils of the 
leaves. The fruit is roundish, 2 cm. in diameter, fleshy and edible. 

G. dulds Ex. Bantti (P. I.), Mundu (Malay) 

A sm al l tree 9 to 15 meters high, of wide distribution at low and 
medium elevations succeeding well even whore the dry yw Km m 
pronounced, native of the Philippines, Burma, the Malay Peninsula 
and Archipelago. Cultivated in Java, and recently dome s tica ted in 
the Philippines. The leaves are oval to elliptic and oblong, think 
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•nd jkstfhery, 12 to 20 or nqn cm. loaf- flu flowers an a xill a ry . 
The fruit is 5 to 7 em. in diameter, in diape resembling a small 
pointed peach, smooth and yellow, the pericarp fleshy and edible like 
the juicy palp in which 2, rarely 3 aeeda resembling large beans are 
embedded, Both the pericarp and the arils are quite acid, bat tender 
in texture and of pleasant flavor, and make excellent jam. Trees 

with subacid fruits occur now and then. 

/ 

0. fuaca Pierre. Btu Lustra 

, A* shrubby tree 5 to 8 meters high, found in Indo-Ohina. The 
leaves are oval to linear-oblong, leathery, 8 to 15 cm. long. The 
flowers an axillary. The fruit is roundish to ovoid, with a pointed 
apex, smooth, fleshy, acid and edible, ripening in October. 

0. globviosa Bidl. Kandjb 

An .erect tree 18 or more meters tall, common in the forest in 
the Straits Settlements. The leaves are elliptic, acuminate, 5 to 7.5 
cm. long. The flowers an terminal and axillary. The fruit is round, 
1.3 em. in diameter, orange-colored, pulpy, and of pleasant flavor. 
The tree is abundantly productive. 

Q, griffithii T. And. Sibanoor (Sum.) Kandis Gajah (Mai.) 

*' A large, rather common tree 15 to 18 or more meters tall, found 
jp Sumatra and the Malay Peninsula below 300 meters elevation. 
The leaves are remarkably large, up to 45 or more cm. long and 18 
cm. wide, ovate or ovate-elliptic, obtuse, leathery and shining. The 
flowers are axillary. The fruit is 5 to 7.5 cm. in diameter, pomiform, 
flattened at apex, greenish yellow, juicy, acid and edible. 

0. harmandH Pierfe Ttmum 

A low-branched tree of compact growth 6 to 10 meters high, native 
of Indo-China. The leaves are obovate and leathery, 4 to 10 cm, 
long. The flowers are terminal, the female solitary. The fruit is 
subglobose, flattened, up to 2 cm. across, purplish, the pulp sweet 
and of pleasant flavor, containing 1 to 3 seeds. The fruit ripens in 
April. Pierre, speaking of the eating quality of the fruit, suggests 
that it merits the attention of horticulturists. The tree should also 
be tried as a stock for the mangosteen. 

<?. kombroniana Pierre Bbuas, Manchn Hotaw 

A tree resembling the mangosteen, 9 to 18 meters tall, wild or 
planted at low elevations in the Nicobar Islands and the Malay 
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Peninsula, particularly mentioned as growing in sandy soil near the 
sea. The leaves are ovate-elliptic to ovate-oblong, short acuminate, 
somewhat glossy above, 9 to 15 emrlong, and 5 to 7 cm. wide. The 
flowers are dioecious, terminal, cream colored, and smaller than in 
the mangosteen. The fruit is similar in shape to the mangoeteen 
but smaller, 5 cm. in diameter, the pericarp red, crustaceous and 
fibrous, but thinner than in the mangoeteen, the 6-loouled pulp white, 
juicy and acid, and said to have the flavor of the peach. Ridley was 
so impressed with the quality of the Bruas■ that in an article pub¬ 
lished already in 1902 he said that it “would very much improve 
the common mangosteen if it could be -crossed with it.” Though 
it would seem improbable that the quality of the mangosteen could 
be improved by crossing it with another plant admittedly its inferior, 
nevertheless, the hybridization of the mangosteen and this and other 
of its more vigorous relatives with a view of producing hybrids of 
greater vigor than this fruit cannot be urged too strongly. New 
flavor combinations would be obtained in this way, and hybrids 
might also be produced that would prove serviceabW^ltocks. Alto¬ 
gether, i.t is a fascinating problem. Being so closely related to the 
mangosteen, undoubtedly this tree could be easily grafted on the 
Bruas. 

O. indica Cy. Kokam, Katambi 

A small slender tree with drooping branches, native of western 
India, cultivated around Bombay and in Mauritius; also introduced 
into the West Indies, including Porto Rico. The leaves are elliptic- 
lanceolate, acute to acuminate, thin, dark green, 7 to 10 cm. long. 
The male flowers are terminal and axillary, the hermaphrodite are 
solitary and grow at the ends of the twigs. The fruit is roundish, 
from 4 to 5 cm. in diameter, and purplish like the acid but agreeably 
favored pulp which is divided into 4 to 8 locules. An edible fat is 
extracted from the seeds. The fruit ripens in the spring. The plant 
is sufficiently closely related to the mangosteen to deserve a trial as 
a stock. 

0. kerstvngii Engl. 

An arborescent shrub to a small tree, found from sea-level up to 
an elevation of 500 meters in Togolaqd and Guinea. The leaves are 
oblong-lanceolate to elliptic-lanceolate, leathery, 10 to 15 cm. long. 
The fruit is globose, 1.5 cm. in diameter, yellowish to pinkish, 2-seeded,' 
and is eaten by the natives. It ripens over a large part of the 
year. 
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0. Umceofolia Exb. Khondtjb 

. A small tree native of Burma and Assam, in the latter country 
cultivated for the fruit which is much esteemed by the native inhabit 
tants. The leaves are narrow lanceolate, acute, 8 to 9 cm. long. 
The flowers are axillary or terminal, the female solitary. The fruit 
is about the size of a small phuhf'obovoid, orange-yellow, containing 
6 to 8 seeds. It ripens in July.* 

0. lateriflora Bl. Djawttha (Java), Kakdb (P. I.) 

A slender tree up to 15 meters high, of wide distribution from 
sea-level up to 800 meters altitude in the Philippines, in central and 
western Java up to 1,000 meters. The leaves are elliptic to elliptic- 
lanceolate, acuminate, thin,10 to 24 cm. long, and 5 to 8 cm. wide. 
The flowers are axillary. The fruit is subglobose, flattened, 2.5 to 
3.5 cm. in diameter. In the Philippines the pulp is juicy, acid, and 
of pleasant'flavor. In Java the fruit is reported to be sweet and 
commonly eaten, and Koorders and Valeton commend it to the at¬ 
tention of horticulturists. It ripens in December. 

< 

O. livmggtonei T. And. Faka, Ikhe, Mokononga 

A shrub to a small tree, native of tropical Africa. The leaves 
are opposite or teroate, broadly elliptical or obovate-elliptic, blunt or 
notched, up to 9 cm. long. The flowers are axillary. The fruit is 
oblong, up to 5 cm. long, red or purplish, the pericarp fleshy, juicy 
edible, and together with the pulp used in making a fermented liquor 
by the natives. Seeds 2 to 3. The Pama has been successfully in¬ 
troduced and fruited in south Florida. 

O. loureiri Pierre. Buanha 

A tree 10 to 15 meters tall, native of Indo-China where sometimes 
it is cultivated. The leaves are oval-oblong or oblong-lanceolate, 
leathery, 8 to 12 cm. long. The flowers are axillary or terminal. 
The fruit is short oblong, 5 cm. long, and 4 cm. in diameter, grooved 
corresponding to the locules which vary from j6 to 10. The pericarp 
is yellow on the surface and reddish inside. The pulp, is white, acid 
and of agreeable taste. In preparing it for storage the pericarp is 
diced, dried and salted, and then prepared for food, or used for 
flavoring in place of vinegar. The fruit ripens in June. 

O. macrophylla Miq, • Sblapan 

A tree 20 to 30 meters high, native of Sumatra. The leaves are 
large, oval to elliptic, acute to blunt, 33 to 38 cm. long, and 15 to 
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19 cm. broad. The flowers are axillary. The fruit is pomifom, 
4-loculed, acid, and eaten by the natives. 

' G. mangostana L. Mjuroo«WKN 

A smiall tree rarely more than 9 meters in height, believed to be 
native of the Malay Archipelago or Peninsula. The leaves are oblong- 
elliptic, acuminate, thick and leathery, shining above, 17 to 28 cm. 
long. The flowers are terminal, red, the female solitary or in pairs, 
5 cm. in diameter. The fruit is about € cm. in diameter, globose, a 
trifle flattened, smooth, reddish or purplish* The snow-white, exqui¬ 
sitely flavored, sub&cid pulp is divided into 5 to 8 locules, enclosed 
in a crustaceous, fibrous, shell-like pericarp about 8 mm. thick. The 
mangoeteen is unexcelled as a dessert fruit, and makes a delicious 
preserve boiled (including the seeds) with sugar. On its own roots 
the mangosteen thrives only on the lowlands, perhaps up to an alti¬ 
tude of about 600 meters, where the rainfall is fairly ample and well 
distributed throughout the year. If the hopes are realized relative 
to the use for stocks of the Bunag and perhaps other species, the cul¬ 
ture of the mangosteen might be extended over a gAt part of the 
Tropies. Definite information at what age seedling trees come into 
bearing is lacking. Some authors claim that they bear at the age 
of 7 to 10 years, while others say that 15 to 20 years’ growth is 
required before fruiting. Certainly the growth of young plants is 
very slow, and under the most favorable circumstances they probably 
do not bear until 8 to 10 years old. A full-grown tree will bear 
from 200 to 500 fruits, and maximum crops of 1,200 fruits have been 
reported. Two cropp per annum are not uncommon. 

G. merguenm "Wight. Lulai (Malay), Sonve (Annam) 

An ornamental tree up to 15 or more meters high, from Burma 
and the Malay Peninsula to Indo-China, where it occurs from sea 
level to an altitude of 1,400 meters. The leaves are lanceolate-elliptic 
to ovate, acuminate, thinly coriaceous, 5 to 10 cm. long. The flowers 
are axillary. The fruit is roundish, somewhat flattened, up to 2 cm, 
in diameter, and has a fleshy pericarp. The fruit is eaten in Indo- 
China. 

G. mestoni F. M. B. 

A small, erect, slender, graceful tree 7 or more meters tall with 
drooping branches, found in Queensland. The leaves are narrow 
lanceolate, undulate, dark green and glossy, 5 to 10 cm. long. The 
fruit is globose, flattened, 5 to 7.5 cm. in diameter, green, smooth, 
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pericarp fleshy, and together with the juicy, 8-celled pulp of 
pleasantly aeid flavor. 

, windtmaentit M. Kabangla 

A email, slender tree attaining a height of about 10 meters, found 
medium altitudes in Mindanao, Philippines. The leaves axe 12 
18 cm. long, and 4 to 8 cm. wide, pointed. The red flowers are 
wnp in the axils of the leaves. The fruit is up to 8 cm. in diameter, 
noth, arid and edible. 

•nigro-Uneata PI. Kanmb (Malay) 

A slender tree 10 to 14 meters tall, native of Malaya, Burma 
1 Siam. The leaves are lanceolate or ovate-lanceolate, somewhat 
tilery, russet colored beneath, 12 to 20 cm. long. The flowers are 
Killary. The fruit is ovoid, about 3.5 cm. long, orange yellow, and 
% a soft, fleshy, acid, pericarp, and sweet pulp of pleasant flavor, 
le tree is abundantly prolific. 

dliveri Pierre. Trohkstg 

One of the largest trees in the genus, 20 or more meters tell, 
stive of Indo-China. The leaves are 10 to 27 am. long and 4 to 8 
n. wide, and pointed. The flowers are axillary or terminal. The 
toit is short oblong, compressed at both ends, 4 to 5 cm. long, and 
to 4 cm. in diameter, smooth, reddish, the pericarp fleshy, and 
igether with the 9- to 10-ceUed pulp very acid, but nevertheless 
txite sought for as a food by the natives. The fruit is common in 
he market from June to September, and is sliced and preserved with 

Bit. 

paniculata Bxb. Bttbi-kowa 

A tree about 18 meters high, found in Bengal and the foot hills 
the eastern Himalayas, ascending to 1,350 meters. The leaves axe 
dlong-lanceolate to obovate, acuminate, thin, ahfalu g, 15 to 28 cm. 
mg. The flowers are terminal The fruit is about the Base of a 
arge cherry, round, yellow, the ptd|k<ofj||£pd flavor resembling some¬ 
what the mangosteen, containing 4 seeds. The fruit ripens in July. 

Fhe plant should be tried as stock for the mangbsteen. * 

% 

O. parvifoMa Miq. Ka n d is 

A tree of upright growth and slender branches 12 to 15 meters 
taU, native of the lowlands of Sumatra and Singapore. The leaves 
re elliptic to oblong-lanceolate, acuminate, dark green, thinly ooria- 
wus, 0 to 14 cm. long. The flowers are axillary. The fruit is of 
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the aim of a cherry, elliptic, orange yellow, fleshy and add, and Is 
eaten by the natives in Sumatra. One to 3 seeded. 

0. peduncviata Rxb. Tekul 

A stately tree of rapid growth attaining a height of 20 meters^ 
native of Bengal and Sylhet. The leaves are quite large, oblong to 
elliptic-oblong, somewhat leathery, 28 to 40 cm. long, and 10 to more 
than 13 cm. wide. The flowers are terminal. The fruit is subglobose, 
sometimes more than 10 cm. in diameter, yellow, the fleshy pericarp 
sometimes more than 2 cm. thick, and like the juicy, 8- to 10-loculed 
pulp very add but of pleasant flavor. The tree is cultivated, and 
the fruit is used in curries and for making “ades”. Sliced arl’ 
dried the fruit keeps in good condition for a long time. The fruf 
ripens from April to June. The Tikvi deserves a trial as a man- 
gosteen stock. 

O. planchoni Pierre. 

A tree 15 to 20 meters high, native of Indo-China. The leaves are 
oblong to oblong-elliptic or obovate, 18 to 24 cm. long, Wfth prominent 
lateral veins. The flowers are terminal or axillary. The fruit is 
roundish, grooved lengthwise, with a few wart-like protuberances on 
the surface, 7 to 8 cm. in diameter, greenish yellow. The pericarp 
is quite thick, fleshy, acid, and like the acid, 8-celled pulp, edible and 
of agreeable flavor. The fruit ripens over a large part of the year. 
Th/s natives slice and dry the fruits in the sun with or without salt, 
which so conserved keep a long time. Pierre remarks that the fruit 
merits cultivation. 

O. prainiana King. Cherapu 

A small tree about 9 meters high, native of the Malay Peninsula, 
The leaves are elliptic-oblong, leathery, dark green, shining, 12 to 
22 cm. long. The flowers are terminal. The fruit is subglobose, 
flattened, up to 5 cm. in diameter, yellow and smooth, with a fleshy 
acid pericarp, and subacid edible pulp. According to Ridley the 
Cherapu is eaten like the mangosteen, for which the plant deserves 
a trial as stock. 


0. rubra M. 


Kamani 


A small tree attaining a height of 10 meters, found at low eleva¬ 
tions from northern Luzern to Mindanao, Philippine Taiqiwfo The* 
leaves are elliptic to elliptic-obovate, acute to acuminate, thin, and 6 
to 12 cm. long. The flowers are axillary and bright red. The fruit 
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is sabrottmd, flattened, up to 8 cm. in diameter, smooth, yellowish to 
red, fleshy, add'and edible. 

Q. tubeUipUca M. Danealan 

▲ tree 10 to 15 meters high, found in eastern Luzon immediately 
bach of the beach. The leaves are broadly elliptical with rounded 
ends, thick and leathery, about 10 cm. long. The flowers are white, 
and borne in the leaf axils. The fruit is subrotnnd, flattened, 5 cm. 
in diameter, yellow, fleshy, acid and edible, containing 8 or more 
large seeds. 

&. tetranda Pierre. Tamil 

A small tree found at low and medium altitudes from southern 
Luzon, through Samar and Leyte to Mindanao. The leaves are 12 
to 15 cm. long, pointed or rounded at the ends, and rather thin. The 
small axillary flowers are followed by roundish, flattened fruits, 3. to 
4 cm. in diameter, yellowish to reddish, smooth, with scant,,sour but 
edible pulp. 

0. tinotoria W. P. Wight. Matau 

. A symmetrical tree up to 15 or more meters high, native of India 
to the Malay Peninsula and the Andamans. Introduced in Porto 
Eico where it has fruited well. The leaves are quite large, linear- 
Oblong to oblanceolate, acute or acuminate, leathery, dark green and 
shining, 20 to 45 cm. long, And up to 10 cm. wide. The flowers are 
axillary. The fruit is 5 to 7 cm. in diameter, roundish and pointed 
at the apex in the manner of a peach, smooth, bright yellow, very 
aeid but of pleasant flavor, containing 1 to 3 large seeds. The tree 
is robust, and of rapid growth, and is very productive, sometimes 
yielding two crops per year. The fruit is a good keeper. 

O. venulosa Cy. Katuby 

A tree attaining a height of about 15 meters, of wide distribution 
at low and medium elevations in the Philippines, thriving also in 
districts with a prolonged dry season. The leaves are oblong, acumi¬ 
nate, leathery, 20 cm. or more in length. The flowers are small, axil¬ 
lary or terminal. The fruit is 4 to $ cm. in diameter, subrotund, 
somewhat flattened, smooth, greenish, with acid flesh, eaten with fish 
by the Filipinos. 

O . vidaUi M. Kanubx 

A tree up to 15 meters high, found in regions with a well-distrib¬ 
uted rainfall at low and medium altitudes, from northern Luzon to 
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Mindanao. Seldom cultivated. The leaves are broadly oval, dark 
green, glossy, thick and leathery, 10 to 20 cm. long. The flowers are 
white, and grow at the ends of the -twigs. In appearance the fruit 
somewhat resembles the mangosteen, but has a fleshy, acid pericarp, 
is yellowish in color, and has acid edible flesh, enclosing 10 or more 
seeds. It should be tried as a stock for the mangosteen. 

O. wentzeliana Engl. Mdogolo 

A stout, woody climbing vine, native of tropical Africa. The 
leaves are oblong to obovate-oblong, leathery, shining, 10 cm. long, 
and up to about 5 cm. wide. The fruit is roundish, about 1.5 cm. in 
diameter, sweet, juicy and of agreeable flavor. It ripenB in January. 

O. gerrardi Harv. Umbindi 

A large shrub or a small tree about 4 meters tall, found from 
Cape Colony to Natal and Zululand. The leaves are broadly lance¬ 
olate, oval or elliptic, acute, glossy above, 2.5 to 5 cm. long. The 
flowers are terminal. The fruit is roundish to ovoid, up to 2 cm. 
long, black, with edible flesh, one-seeded. The fruit isitproduced 
sparingly. The Umbindi, which probably is quite frost-resistant, 
should be tried as a stock for the mangosteen. 

O. larrettiana n. sp. Kadis 

A small tree 5 or more meters tall with slender branches, found 
in the Cotabato valley, Mindanao. The leaves are rather small, thin 
and pointed, 7 to 10 cm. or more long. The fruit grows in the axils 
of the leaves, and is up to 6 cm. in diameter, markedly oblate, with 
a shallow cavity at apex; the surface smooth, light orange in color; 
the pericarp soft, fleshy, acid, and edibe; the pulp surrounding the 
seeds light orange in color, juicy, subacid, and of good flavor, divided 
into 6 to 8 loculeB, the seeds quite similar to those of the mangosteen. 
The fruit ripens in December and January, and can be eaten out of 
the hand with relish, but probably could be best utilized made into 
preserves like the mangosteen. Abundantly productive. 

O. mooreana n. sp. Bunag 

A handsome tree of pyramidal habit'attaining a height 6 meters 
or more, native of Jolo and Palawan, in which latter island it is 
found about Iwahig, where it is known as Bunag. The leaves are 
elliptic to elliptic-ovate, or ovate-oblong, acute at base, acute to short 
acuminate at apex, coriaceous, 15 to 21 cm. long, 7.5 to 11 cm. wide, 
the petiole about 15 mm. long. The fruit is similar to a mangosteen, 
except that it is somewhat smaller, is red in color, and has a thinner, 
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but fibrous, crust aceous pericarp; the flesh is white and sharply 
acid, of agreeable flavor, but too sour to be eaten out of the hand. It 
would probably make a good preserve boiled together with the seeds 
in sugar. Bipens in the latter part of July and August. As pre¬ 
viously noted the mangosteen has been successfully grafted on the 
Bunag. 

GABCINIAS AS ORNAMENTALS 

Like the mangosteen, many species of Qarcinia are very handsome 
trees, and can be used to great advantage for decorative plantings in 
parks and gardens. The best oramental species is perhaps OarcirUa 
andersonii Hook, f., with its large leaves, 30 to 60 cm. long, and up 
to 22 cm. broad, and large pomiform fruits, which is described as 
“by far the noblest species in the genus”. It is a native of Malacca. 
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